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1.0 INTRODUCTION

This is the final report of the program on Flexible Printed Circuits with
Integral Molded Connectors (FLEXICON). Performed under contract with the U.S.
Army Missile Command, Redstone Arsenal, Alabama, it concentrated on the
improvement of Flexible Printed Wiring (FPW) terminations for cable-to-cable,
cable-to-printed wiring board, and cable-to-chassis applications. During the
course of this program, several significant advances have been made in
termination processes as well as in automated facility configuration and
operation. This report details these developments, referencing several
additional documents and reports. The final outcome can be simply
summarized. Through the use of industrial laser technology, new high speed
epoxy developments, and microprocessor controlled automation, processes for
termination of FPW to connectors have been developed which can result in 6 to
1 cost reduction of terminated systems with significantly improved system
reliability and maintainability.ri

The technical monitor for this program at MICOM has been Gordon D.
Little. His continuous support was very greatly appreciated.
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2.0 TECHNOLOGY BACKGROUND

Flexible printed wiring (FPW) and flat conductor cable (FCC) have been
available for many years for use with military systems. The primary
advantages, listed in Table 1, have held promise of significant benefit inm
electronic systems, particularly as interconnection wiring has become
increasingly more complex with each passing year. There have been two major
factors which have inhibited its greater use in military electronics. First,
since it is a "printed” technology, wiring changes as defined for hand-formed
harnesses could not be performed, and design engineers who were accustomed to
the freedom of frequent design change did nou wish to become "trapped”.
Second, the available processes for termination to mil-qualifiable connectors,
particularly for humid airborne environments, were expensive, difficult to
control, and not cost effective. Even so, the cost benefits of using FPW over
hand-formed harnesses could be substantial for production quantity systems,
not only from acquisition cost, but from reduced quality control requirements
and life cycle cost benefits of weight and volume savings.

In the past few years, the ingrained resistance has been replaced with
substantial knowledge of benefits as design philosophies have changed.
Digital systems with data bus configurations are well-behaved with the
repeatable, designable electrical characteristics of FPW and FCC. Dramatic
increases in equipment density have forced many systems to use this cable
style because space was no longer available for the round wire harnesses. And
the trend to more production systems with less changes in interconnection
between sub—assemblies has led to a greater cost benefit. The only major
hurdle remaining was the termination process/comnector interface.

1.1 AN EXAMPLE

An example of the termination dilemma can be seen with the evolution of a
new production electronic system at Westinghouse. When the program was
conceptually developed in the early 1970's, it was determined that the modular
interchangeable location of the separate sub-assemblies and the parallel data
bus requirements could be best suited with the use ot FCC. This was
particularly beneficial because the lack of volume for wiring rendered the use
of round wire impractical. In the initial four units, these cables were
configured as shown in Figure 2-1. The connectors were three layer 141 pin
connectors with the FCC welded to the contact tails by resistance welding.

The backs of each wafer were then slid onto the contact wafers and filled with
epoxy. These connectors, designed to MIC-C-55544, were expensive, fragile,
and difficult to assemble. Rework was virtually fimpossible.

With the shift of this program into production, this connector was replaced
with a connector that was soldered (lower reliability) with a gang-solder
technique. Repairable, of adequate reliability, and infinitely more easy to
assemble than the prototype units, this configuration still had two major
deficiencies, cost and process control. Another termination technique used on
this same program was the crimping of contacts through the insulation. The
process control and reliability of these joints have both been in question.
These difficulties had to be approached with deliberate thoroughness and
resolved.




TABLE 1

. Principal Benefits of Flexible Printed Wiring

Basic Cost Reduction & 30-507
Weight Reduction a. 70%

Volume Reduction ~ B80%

Repeataisle Electrical Characteristics
Substantial Quality Improvement

Improved Aesthetics




Figure 2-1

THE RESISTANCE WELDED TERMINATION OF CONNECTORS ON THIS ASSEMBLY WAS EXPENSIVE
AND DIFFICULT.




3.0 PROGRAM REQUIREMENTS AND ORGANIZATION

The principal requirement was the development and demonstration of a
flexible printed wiring termination technique which was consistently low in
cost and reliable in the military airborne environment. To accomplish this,
three basic items were needed, low cost connectors and FPW, low cost reliable
termination processes, and a high degree of automation. To provide this, the
program was organized to:

a. Select connectors for demonstration.

b. Select termination processes.

c. Demonstrate the necessary techniques.

d. Develop semi-automated process stations and operate them successfully.

e. Define a fully automated facility which could terminate up to 500
assemblies per eight hour shift using the developed processes.

The program organization for accomplishing this is shown in Figure 3-1.
Since this program spanned a broad area of technology and process expertise, a
fairly large advisory staff was available for consultation and review.

A documentation summary of the program is shown in Figure 3-2. The
documents are included as appendices, as referenced in the figure.
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4.0 PROGRAM RESULTS

The FLEXICON program resulted in the development of three new processes in
the termination and molding of flexible printed wiring to connectors as well
as the definition of a fully automated facility for producing these connector
assemblies at the rate of 500 assemblies per eight hour shift; that is, one
per minute. In this section, we discuss the selection and the design of
connectors f{or the processes, the development and selection of the processes,
the semi-automated process demonstrations, environmental evaluations, the
definition of the fully automated facility, the implementation plans through
which the results of this program are incorporated in Westinghouse internal
programs as well as advertised to the outside industry, and the cost benefits
recognized from the program. Much of this is summarized in a series of
technical reports prepared for the industry introduction presentations which ‘
are included as Appendix I of this report. !

4.1 CONNECTORS

Flexible printed wiring is a planar technology, that is, all the
conductors are in a single common insulation on a plane; therefore, connectors
that lend themselves to tlie planar technology were selected. 1In this progranm,
they were limited to two-row connectors. Connectors of 50 mil pitch, that is,
50 thousandths of an inch center-to-center spacing on the contacts, and
connectors with 100 mil pitch were both demonstrated in this program. The
bulk of the program was worked with the 50 mil connectors. Dual-row
connectors with 40 contacts per row were primarily used.

4.1.1 Selection Technique iand Results

The selection technique which is used for evaluation and selection of
cornectors and later extended into selection of the processes as shown in
paragraph 4.2.1 was developed as an extension of a technique used by the
National Institutes of Health in the 1960's. As shown in Figure 4-1, a matrix
of values was first established for the connectors that were under
consideration establishing the relative score of the connectors one to another
for each of several factors. The columns in this matrix were determined
independently, that is, relative cost of counectors had no direct interaction
at this point with any of the other columns in the matrix. In this way, the
relative weighting of the seven factors for importance was separately
determined. By post-multiplying the factor matrix with the factor weighting
which is shown on the right side of Figure 4-1, a value matrix which is
weighted is realized with the sum of each row indicating the total value.

This is shown in Figure 4-2. The algebraic matrix notation is [A] {B] = [C].
The way these matrixes were established, the lowest number indicated the best
selection. These results indicate that the Amp mini-box connector should be
considered first. A close second was the Hughes IBM connector. Two further
considerations not shown in the evaluation were that the Amp mini-box
connector already had met QPL of MIL-C-55302/117, 118, 119, 31 (with no
interfacial seal), and that Burndy could be a second source for the Hughes
connector. Both of these connectors selected have now been modeled with an
interfacial seal. All suppliers evaluated are listed in Table 2. ﬁ
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TABLE 2

SUPPLLIERS EVALUATED FOR THE FLEXICON PROGRAM

AMP, Inc.
Harrisburg, Pa.
(717) 564-0100

17105

Bendix

Electrical Components Division
Sidney, New York 13838

(607) 563-5304

Berg Electronics

New Cumberland, Pa. 17070
Burndy
Norwalk, Conn. 06856

(203) 838-4444

Cambion Thermionic Corp.
445 Concord Avenue
Cambridge, Mass.
(617) 491-5400

02238

Cannon ITT Electric
666 E. Dyer Road
Santa Ana, Ca.
(714) 557-4700

92702

Continental Connector Corp.
34-63 56th Street

Woodside, New York 11377
(212) 889-4422

GTE Sylvania, Inc.
Titusville, Pa. 16354
(814) 589-7071

Hughes Connecting Devices
17150 Von Karman Avenue
Irvine, Ca. 92714

(714) 549-5701

KEL-AM, Inc.
P.0. Box 313

Eldon, Mo. 65026

(314) 392-7174

Methode Electronics
7444 West Wilson Avenue
Chicago, Ill. 60656
(312) 867-9600

Micro Plastics, Inc.
Connector Division
9180 Gazette Avenue
Chatsworth, Ca. 91311
(213) 882-0244

RN Robinson Nugent, Inc.
800 East Eight Street
New Albany, Ind. 47150
(812) 945-0211

T. B. Ansley Electronics Corp.
3208 Humboldt Street

Los Angeles, Ca.

(213) 223-2331

Teledyne Kinetics

410 South Cedros Avenue
P.O. Box 427
Solana Beach, Ca.
(714) 755-1181

92075

Teradyne Components, Inc.
4 Pittsburgh Avenue
Nashua, New Hampshire
(603) 889-5156

03060

TRW Cinch Connectors
7111 Marriotville Road
Baltimore, Md. 21104
(301) 795-5775

U. S. Components, Inc.
35 Carlough Road
Bohemia, New York 11716
(516) 589-8080

Vicking Connectors

Rep-TRON, Inc. (REP)

10632 Little Patuxent Parkway
Columbia, Md. 21044

(301) 995-1433




4.1.2 Detailed Design and Modifications

The detailed design of the connectors selected is shown in Appendices A
and B for the Amp and Hughes connectors respectively. Two basic modifications
were necessary to both connectors to make them usable in the MIL airborne
eavironment. The tirst involved the realignment of the contacts and contact
t~ils so that instead of tour rows of contact tails out the back of the
connectors there were only two. The second modification required the addition
of an interfacial seal. This was performed for low cost on a temporary basis
in the Amp connector by laser drilling holes in a thin sheet of silicon
material. In the Hughes connector, this was done by using a modified
connector as a mold and pouring thin layers of the silicon rubber. In the
cases of both connectors, the modifications for the contact tails and for the
interfacial seals were considered to be of a temporary or prototype nature.
Both must have some counsideration in the form of slight design changes and
proper tooling for production capability.

One further modification had to be demonstrated for these connectors.
Since neither of the connectors had available jacking (mating) hardware the
Amp connector was selected for a small development effort to design and
demonstrate the availability of jacking hardware for this size connector.

This has already been extended by Amp, Inc. to the point that there are now at
least four different styles and sizes of jacking hardware available for the
Amp mini-box series of connectors.

The Amp connectors are also available for termination to printed wiring
boards both at right angles (as with plated-through holes) and straddle mount
(as with surface-mounted components).

The designs of the {lexible printed wiring and printed wiring boards for
the demonstration of the techniques on this program are shown in Appendix C.
In the case of flexible printed wiring, double sided with plated-through holes
wiring was used so that we would have no problem with termination of the flex
cable to round wire for the testing of the assemblies.

4.2 PROCESSES

Insulation removal of organic coatings and insulations from the one to two
mil thick copper wiring without damage to the conductors has always been a
challenge. Present flexible printed wiring approaches include skiving
(mechanical abrading) or use non-insulated areas. 1In skiving, mechanical
action against the conductor is necessary, often resulting in scored,
scratched and even broken conductors. 1In non-insulation, custom design of
each circuit cover coat is required. Sometimes pre-punching of the base
insulation even before lamination of the copper foil is required.

Conductor termination of flexible printed w'ring to many sizes and
varieties of connectors is possible. A technique which does not limit the
process to only a few connectors was desired. Crimping systems, solder
systems and parallel gap welding systems have been the major approaches taken
to date. Each has serious drawbacks. What was needed was a high speed,
reliable, easily tested approach which could be applied with ease to a large
variety of planar connectors.

12




For molding, a fast curing semi-flexible, environmentally resistant
material must be used. This material must be rigid enough to support the weld
terminations yet flexible at the exit point of the cable to prevent circuit
breakage when cables are flexed at the connector.

In each of these three areas, significant advancement has been made by
this program in the development and demonstration of processes beneficial to
the termination of flexible printed wiring to connectors.

4,2.1 Selection Technique and Results

The evaluation of processes tor the termination of flexible printed wiring
to connectors as well as connectors to printed wiring boards was conducted
using the same technique as used for connectors (paragraph 4.1.1). The
unweighted factor matrix, previously referred to as Matrix A, is shown in
Figure 4-3. The vector tor post-multiplication is shown in Figure 4-4 for
both the connector to FPW and connector to PWB cases. The resulting weighted
matrixes for connector to FPW and connector to PWB are shown in Figures 4-5
and 4-6 respectively. As can be seen, the process selected for the
termination of the flexible printed wiring to connectors was the use of laser
welding, and for the termination of connectors to printed wiring boards was
wave solder for right angle termination connectors and laser welding or vapor
phase reflow for the termination of connectors to printed wiring boards on
surface mount. At this point, we would recommend the use of the vapor phase
reflow since no further development work was done on the laser welding
termination to printed wiring boards.

4.,2.2 Wiring Preparation (Laser Stripping)

The process developed for the removal of insulation from flexible printed
wiring with no mechanical handling of the conductors is laser stripping using
the 10.6 micron wavelength of the CO laser. This technique allows the
complete ablation of the insulation material with no thermal, mechanical or
metallurgical deformation of the conductors ot the flexible printed wiring.
The process specification for laser stripping is included as Appendix D to
this report and detailed technical information is included in the technology
introduction reports, part of Appendix I. There i{s a wide range of laser
power requirements and spot diameters over which this technique will work.
Primarily, the use of 100 kilowatts per square Iinch power incident at the
surface of the insulation has been found to be optimal. The polyimide
insulation absorbs the laser energy, and rapidly and locally reaches ablation
temperature, breaking down into its primary chemical constituents. These
vapors can be easily vented away and/or filtered. We have found that the best
approach is to only remove the insulation from one side of the cabl:s. This
completely opens the windows between the conductors but leaves insulation
material on the backside of the conductor which significantly enhances the
welding operation which follows. Cleaning of the flexible printed wiring {
after the laser ablation is easily accomplished with a solvent rinse
accompanied with a very light brushing to remove any particulate which is
left. Testing of circuits thus prepared with 25 mil spacing between the
conductors showed that there was a 55 megohm resistance from conductor to
conductor after the laser stripping (before cleaning) and that after cleaning
the insulation resistance was on the order of 2 x 10® megohms using 500 volt
potential at one minute {ime duration.

o andaa Shiinbii . . e .'i'-l M o y L Sl s o o A...ﬂi.-",,_n




Furiydiam aatie(ay 1030e4 - $3883201J UOIIRUTWID] :H-y 3InT14
00°1 00°1 1o
so* 90°  A3111qIXa14 883d014
48 €0° 1tedaa/yiomay *
or* 01° 39233® 3utol juaselpy 1
60° o1 dead 3aed jo jJunouy b
20° 90° K323w8s ssadoiag 3
€1 #1° satjaadoad yeotraldrall )
90" L0°  43Bua13s [edTUBYIA t
G 20 r z70° $1BId2W IBTIWISSIQ
.ﬂmzmm_ 60" .Azm.._m 01° Surdupiajo3 8833014 s
A g1 L3171q13IEadax ssavolyd A
€0° €0° uotid>adsur jo asej
48 €1 £3111qe112Y )
vith ©0° 1800 3A11%.3y .
gMd-103123uu0) MJJI-10323uuo) 103083 ~ A
S1035e3 jO soniep aArIeiedwo) - $3SSID0IJ UCIIBUIWILI]L :f-4 2In31j e
— O — D — 0 — 0 — — 0 — D — 0 — \D — \O — D — O —\D “
[ | _W [ [ | [ I} [ [ L] [ | [ it [} [ ] -.4
@ v el 3 —joe o]0 D] OV]IKRT — 2 e v %Y T o e T .o
colcdleam|ec=~]edleocjootlecoierigcelg g =0 o r ﬁ<.~
8Rl185 |3 3]|fmlcod|loé]lodjoc|e£m|oofl0O|m £ ]E0g
ax jax |0 < Tlanljaoanlonliaon Tlan]jan T -2 -
< .
t e el et el o s| sl v s] o] s| & dur1y 1esrueyd9K B -
e o el el el el ol c]lele] 2] 2| = 19887
£
(]
i 8 6 € £ z S G S 9 3 S 8 JTU0S-B131] &
- 5
£ 9 8 £ 4 4 S L % 9 l 4 8 asuejsisay ™
L 9 8 € 4 9 S 6 9 L L S 6 de3 (ayyeaeqd
Vi V4 Vi 13 € 4 € £ Vi € € T £ X13pT0§ aAey m
[=%
[¢]
9 € 9 9 £ 4 € € Y £ £ € S aseyq sodep 7.
v )
—’w ¢ L 9 € 4 £ € Y € ¢ € 9 Mo13ay ¥l * v
Yo A Dy e S DS s o> |
e.,.w.oo.v% . /5 .nw.o. .wd%,.e A..so% /s oel. ,.Js o\w. huhv o«fmvh) o2/ oq,aat. se& Q&% l\.u.d UOTIPUTIWII]
%,.,. 2 9»&90 2/~ s,% 25 eb.h K A ea.«s% Koy 4 %r. )sz.«b $1030e3 2]qeR1aARA
. . 3




Md - XTa3ey p23y31aM - 898690014 uoTIIPUTWIA] :9-% 21Ind1g
.D—.msmo“_

S ey ceryyscjoefgr {80 jzsjoe] ot 9c |09 |81°} 09°f 9¢° dura) :amum:mnuwx
[4 17°¢ St eLtjoec | Lerjpentpoct v vty LT ot |90°| vz} 80° 19se] =
L %" s 02°]196° | 06" Lz jTr y9z-joe° ] o] sw° | ¢t |%T°| 097} z¢° 21u0S-8a310 W.
g 18°% ST 2L 08" LT 1807 9Z JOE™| w1°) 9¢° ) 22" Y12°] 8%°] ¢’ 9oue]S183Y " !
8 €0°9 SET1 eLtj o8 | LTy 80" 8L ]OE" ] 8T #G° ] #8° J1T°] 09°) 9¢° de8 {ayteied w
1 61°¢ oz"y 87" j Ov° | LT ] 21"y 92 | 81" 90| 9€° | 9¢* J60°| w¢°} ¢t 13P10S 24BN o
£ 7L ¢ GT ] 9E") 09°] wS* | TT° ] 92" | 81" 90" 9€° | 9¢° ]} 60°} 9¢°} oz° aseyd 1odep W
i 88°¢ ST L 9€"} OL7f %5} T1°7 9T ] 81°] 90°] 9¢° ) 9¢° } 60°) 9¢€°) #T° fno133Y ¥I am.
Auey [elol /

Mdd - x133e) P2Iy31aM - $35S3701d UOTIBUTWIAD] :G-% JIANBTg

(%] [t \
..—3&0_ 2
S 9%'% TN 127 0€°] 021 80" 1 96" se" ] O1°] O%" ] S9° }81"] S9°| 9¢° dwtay 1ed1ueyd3l L .
1 L8°¢ g1y 81"t og"y o€ ) ¢1°} 8z ) 8¢ wiv] ot ] 6€° | 90°] 9C°} 80 19se] =
—
L z0°¢S 7 NTT} 0671 OET CIT| 82 ] SET OU°] 06" 8L [ #C°| S9°} ¢t diuos-eal1n m
(1]
9 VAT 81°] 81°] 08°fJ oe" | 80"y 8¢y se€"| w1} O% "} 8¢L° | 17} ¢6°} ce’ 2ouUelSTISAY
8 88°¢ ] 81°| 08 ] O0E"| 80"} 78 f s€° | 81°] 09°) 16" | 1¢c°| €9°| 9¢° de3 (ajyeaeq
4 06°¢ wetp c1Tpovt] ot Zity 8] 1) 90°) Oowt ) 68 607 9T} 1 13p10S 2aeM ®
=
t €L°¢ 0C"| 6071 09°1 09 | CU" | BC"| 17| 90"} 0%} 6£° | 60°] 6£°} 0T aseyq iodep & w
lal
(3
i [8°¢ 0€°] 60°] OL°] 09°] 21°] 82" ] 12°] 90°] O% | 6€° | 60°] 6€°] %C~ MoT39Y ¥I
Nuey 1e30]
o
e
A~




4.2.3 Wiring Termination (Laser Welding)

The laser welding of flexible printed wiring to connector contact tails
has been performed using a Neodymium: YAG Laser operating at 1.06 micron
wavelength. The process specification for laser welding to connectors is
included as Appendix E of this report and further details are also contained .
in the technology introduction reports in Appendix I. 1In addition to these
reports, one particular emphasis nveds to be made in regard to the laser ‘
welding. This technique has a wide latitude of weld schedule providing a much J
higher reliability of finished product because the weld schedule is easy to
maintain. This was done, however, on conductors that were a mil and one~half
thick against contact tails that were eight to ten mils thick. In this
approach when we hit with two pulses from the laser on each contact within a
. few milliseconds of each other, the first pulse tended to vapor gas the
. insulation, providing a much higher pressure of contact for excellent thermal
} transmission between the upper conductor and the lower contact tail when the
second pulse hit. This provided an excellent weld. One of the prime reasous
that the weld schedule is so large is because of the amount of thermal
transfer that can occur into the eight to ten mil thick contact tail without
having a loss or a vaporization of the metal of the copper on the surface.
Welding using this approach to a thinner contact tail, say one mil or one and
one-half mils, as in trying to weld flex cable to printed wiring boards, may
require a much tighter and much more closely controlled weld schedule. This
was not investigated within the confines of this program.

Several tests were conducted of welds made using this technique, from
welds which were just barely complete to welds which had blown away 50% of the )
material of the conductor and the contact tail. 1In all cases, fallure of the
conductor occurred away from the weld area with no failure at the weld
itself. Metallurgical examination of the welds showed excellent weld L
cross-section with some gas trapping as a result of the rapid cooling.
Remember that laser welding heats up only a very small amount of the
material. There was a very high degree of consistency of the welds and a high
degree of consistency of the visual appearance of the good welds; thus making
visual inspection a very practical way of guaranteeing an excellent weld
product.

4.2.4 Environmental Protection (Molding)

The principal requirements for molding of this termination are two: one is
to provide the strain relief so that there is no loading or flexing of the
circuits at the weld interface; the second is to provide a shield against
contamination and dirt and, particularly in the military airborne environment,
against moisture. To select a molding compound which would meet all of these
requirements was not easy. The majority of molding compounds which are rapid
curing are also rigid in their cured state. When a molding compound is
applied to flexible printed wiring, it tends to terminate at the wiring in a
fine miniscus which leaves a sharp point of material against the flexible
printed wiring. Thus, the material must be somewhat flexible or that miniscus 1
acts as a knifepoint which will break the circuit in a few flexes when it
bends right at the connector. Therefore, selection of a semi-flexible
compound which would support the welds, adhere well to the flexible printed 1
wiring, particularly the organic polyimide material, and would also be
semi~flexible at egress of the cable was important.




One other item needed to be considered in the area of molding of the
connectors for this program. Most connectors supplied from vendors today are
manufactured by the use of a basic mold block of insulating material into
which contacts are insertecd. This leaves a gap of air or space around the
contacts of the connectors. This space must be filled and sealed prior to the
use of a molding compound or that molding compound will run through and £1il1l
up the cavities that the pins are in. The process specification for the pin
sealing of connectors is contained in this report as Appendix F. The process
specification for the molding operation with hydantoin epoxy is contained in
Appendix G. Both of these processes also have further information shown in
Appendix I, the technical reports.

The molding operation with the Hydantoin epoxy, as shown in the technical
reports, proved to be an excellent process with connectors of a thermoset
epoxy such as the Diallyl Phthalate. A thermoplastic material such as Valox,
though, did not work well with this process because it required too high a
temperature. Therefore, another epoxy formulation was developed for use with
the thermoplastic connectors. This formulation is shown in Table 3.

4.3 SEMI-AUTOMATED DEMONSTRATIONS

The three major processes established for the termination of flexible
printed circuits with integral molded connectors were set up in semi-automated
form for industry demonstrations and for the purpose of establishing cost
information tor the program. The molding operation was the simplest and
required only a timer to operate the pneumatic control system for the
molding. In both the laser insulation removal and the laser welding
operations, an Aerotech controller was used. A sample program for the laser
welding for the Amp Mini-box connector is shown as Appendix J. Most of the
details of the semi~automated equipment are shown in the motion picture film
which was prepared for the project. Much of the information learned from the
semi-automated operations was applied to the fully-autumated facilities
development program which will be discussed later in this report.

4.4 ENVIRONMENTAL EVALUATIONS

Throughout this program several evaluations and tests were conducted on
materials and processes to verify that the approaches taken would be
acceptable within the military airborne environment. The testing is broken
down into basically three steps. The first step involved evaluation of the
flexible printed wiring after laser insulation removal to verify that the
particulate matter left did not short out the system. The second step was to
evaludte the welding and mold materials after the initial selection of process
and material had been made. The third step was specific environmental testing
of the assembled cable connector systems after they had been terminated in
semi--automated facilities. The basic conclusions of the tests can be simply
stated. The use of the CO) laser for insulation ablation was found to have
no detrimental effect on the dieclectric characteristics of the organic
insulation. The laser welds were tound to have superior strength to normal
welding. From welds which appeared to be only partial all the way up to 50%
material burn-out, they exhibited greater strength in a tension test than the
basic copper track on the flexible printed wiring. The Hydantoin epoxy
molding material was found to have excellent characteristics from moisture
resistance. The Bisphenol epoxy forwulation used for the Amp connector was
found to have inadequate characteristics for the humidity eavironment.
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TABLE 3

FAST CURING BISPHENOL EPOXY COMPOUND RZ 48-2

Bisphenol Epoxy Resin, EEW 190 100 PBw

(EPON 828)

Jeffamine D4pO 52

Polyoxypropyleneamine Hardenmer, EW 101

Jeffamine D2000 8

Polyoxypropyleneamine Hardener, EW 526

Jefferson 399 Accelerator 10

(AEP, TEA, Pioeraline Proprietary Mixture)

Mica Dust (-325 Mesh) Filler _43
TNTAL 213

Cure 7 minutes at 10Q°cC.
Post-cure 1 hour at l00°C.

Hardness Shore D 70
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4.4.1 Test Prozgram

During the latter part of phase 1 of this program, it was decided that we :
should verify the approaches taken to the best of our ability at that time
tegarding the environmental requirements of the military airborne
environment. With insulation removal, since the ablation of the insulation
left a particulate char, and that residue might be conductive, it was felt
that resistivity measurements should be taken from circuit to circuit on a
sample of flexible printed wiring to establish what the circuit to circuit
resistance was. This was done first without the particulate char removed and
second after cleaning in a light solvent and a light brushing. At the same
time, initial welds had been completed with the Nd:Yag laser. The depth
renetration of the weld had to be checked as well as the strength of the weld
to tension pull. It was felt that the tension pull test would be more than
adequate as far as a strength test was concerned because this was the only
mode in which the circuit would be stressed once the molding compound had been
applied, and then only if the mold material failed to bind adequately to the
insulation of the flexible printed wiring. Therefore, tension pull testing of
weld areas and metallagraphic inspection of weld cross—-sections were both
conducted. Since the formulation of the Hydantoin epoxy was currently being
used in a non~accelerated type in the E3A program, no initial testing of this
material wac felt to be necessary.

4.4.2 Evaluation Results

Testing of the flexible printed wiring dielectric strength in air
immediately after laser stripping (before cleaning) and then after cleaning
was conducted on circuits that had approximately 30 mils space between the
circuits. These were 20 mil circuits on 50 mil centers. Prior to breakdown,
the resistivity measured at 85 volts in air was approximately 55 megohms.
This was tested separately on several parallel sets of circuits. After
solvent rinse and light brushing, readings taken for one minute at 500 volts
indicated from 1.9 x 100 to 2.7 x 106 megohms resistance from circuit to
circuit on parallel circuits. Again in this instance, six sets of parallel
circults were measured. These results indicate that a light solvent rinsing
and light brushing after laser insulation removal prevents problems in the
resistivity of the dielectric material caused by laser ablation.

DC resistance measurements of the welded joints per Mil Standard 202,
Method 303 indicate that the DC resistance on the seven joints measured ranged
from a little less than three milliohms to a little more than five and
one-half milliohms on the weld joint (after subtracting the bulk resistance of
the circuit length included in the measurement). Pull tests on eight weld
joints, some samples ranging from partially welded to where 507 of the weld
material had been blown away, showed weld width reductions from one-half to
seven-eighths of the initial width of the weld. Although this amount of
neck-down occurred at the weld areas, In no case did a failure of the joint
occur. All faflures ultimately occurred in the conductor, not at the weld
region.

Insulation resistance tests measured on circuits molded with the preferred
Hydantoin epoxy mold compound per Mil Standard 1344, Method 3003 using 500
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volts indicated greater than 20 x 109 megohms initial insulation

resistance. After the moisture resistance tests, the measurements ranged from
1.5 x 103 megohms to 3.6 x 103 megohms, with one reading standing at 6.2 x

103 megohms. All circuits subsequently passed 1,000 volt for one minute on

ad jacent pairs of circuits dielectric withstanding voltage tests.

Final assembled units run through thermal shock per Mil Standard 202, Method
107, Test Condition B for 50 cycles showed less than five-tenths of 1% of
variation in circuit resistance on any one of many circuits tested, thus
thermal shock was also found to cause no problems on the Flexicon assemblies.

Moisture resistance testing on completed Flexicon assemblies was performed
in a way which invalidated the results being used for absolute value.
However, trends of the data clearly show certain conclusions. The cause of
the invalidation is that the joint between tie flexible printed wiring and the
round wire which was used for the instrumentstion of the cable assemblies was
not sealed in any kind of molding compound prior to being inserted into the
moisture chamber. Therefore, as soon as the moisture environment started, a
direct surface track was available between all pairs of circuits and it showed
on the data with the measurements from pretest ranging around 103 megohms
dropping all the way down to three and two megohms typically. These values
held constant throughout all ten cycles of the moisture resistance tests as
they were measured at the high temperature portion of the cycle. They also
held true when the chamber was opened immediately after test and another set
of measurements made. However after 24 hours with the door open, with the
cables still in chamber, the megohm resistances again rose on the order of
102 megohms on the samples for the Bisphenol epoxy and all the way up to
104 megohms on the samples with the lydantoin epoxy. Also it should be
noted at this time that the normal dark grayish-brown Bisphenol epoxy color
had changed to a milky white in the moisture environment. After the 24 hour
room measurement, the connectors were all unmated, blown dry with nitrogen and
then remated, then measurements taken again. There was no change in the
measurements of any signiticance between these two sets of data. These
results clearly indicate that the interfacial seals of the connectors as they
were set up for this experiment were quite functional. The connector
assemblies were then subjected to a 24 hour bake-out at 250° Fahrenheit and
they were then again measured for insulation resistance. The readings which
were taken at this time were in the 107 and 106 megohms range, clearly
indicating that for both the Bisphenol epoxy and Hydantoin epoxy connectors
there had been some moisture absorption into the epoxy; however, it must be
pointed out again the Hydantoin epoxy was well above the Bisphenol epoxy in
final measurements before the bake-out. After bake-out, the Bisphenol epoxy
had returned to its original grayish-brown color.

As a result of these test results, we recommend the use of the Hydantoin
epoxy for any thermoset connector as meeting the requirements of Mil Standards
for airborne equipment. The Bisphenol epoxy, on the other hand, should be
re-examined for formulation to determine what particular ingredient in this
formulation or combination of ingredients caused the reduction in moisture
resistance to the normally excellent Bisphenol epoxy family.

4.5 FULLY AUTOMATED FACILITY

The fully automated facility has been described in the motion picture film
produced for this program. It is also described in full detail in the
separate report entitled "Automated Facilities Report”.




4.6 IMPLEMENTATION

The value of a manufacturing technology program can only be realized with
the reduction of results to actual utilization in the manufacturing
environment. Since this was recognized early in the program, a comprehensive
plan for both internal and external implementation was prepared. This plan
and its initial results was reported on at the Manufacturing Technology
Advisory Group (MTAG) meeting, and is shown for reference in Appendix K.

The implementation results as of December, 1980 are listed below:

A. INTERNAL

- 1. AN/ALQ-131 (V) - Conversion of all FCC and FPW terminations to
FLEXICON process, including those of prior “"state-of-the-art”
techniques. IN PRODUCTION

2. APG-66 - Advanced Signal Processor I/0 Cable. PRODUCTION 1981

3. E3A-AWACS RADAR - On-board test equipment update - PRODUCTION 1981

4. AQUILA - Army RPV Sensor - PRE PRODUCTION 1981

B. EXTERNAL

Meeting Location Month (1980) Approx. No. of People
1. SAE-A2H San Diego, Ca. Feb, 50
2. 1IPC Orlando, Fla. Apr. 250
i 3. Industry Demo Baltimore, Md. Aug. 60
4. ECSG Philadelphia, Pa. Oct. 300
5. Metals Joining Charlotte, N.C. Oct. 200
[ 6. MTAG Miami, Fla. Oct. 50
7. GOMAC Houston, Texas Nov. 50
8. Westinghouse Productivity Symp. Sep. 200
9. Westinghouse IR&D Symp. Oct. 500

f 10. Motion Picture Film (10 Minutes)

In addition, two connector suppliers and two laser machining services
suppliers have shown significant interest. The two laser service
organizations, already performing work for us, are Laser Associates
(Baltimore, Maryland) and Ebtech (Agawam, Massachusetts). These are not
automated facilities.

One further note, there has been some detailed follow-up on the part of
several other user organizations, some with much larger volume requirements
than those tasked on this program.




4.7 COST/BENEFITS

The basic cost savings tor amilitary environment qualifiable connectors is
shown in Table 4. These show the savings as they would be realizable in a
fully automated facility. The basic cost of that facility is listed in Table
5.

The intangible benefits in quality control and reliability have not been
estimated. Those savings will be significant as in the predictable automation
of any previously hand-performed operation.




TABLE 4

COST COMPARISONS OF CONNECTOR ASSEMBLIES

Present Practice

Connectors (Mated Pair) $450.
Flexible Printed Wiring (4 layers) 30.
Assembly (Value Added) 90.
Maintenance Expenses 1.2
$620.
23

FLEXICON

$50.

45.

4.
2

$99.




TABLE >

COST OF FULLY AUTOMATED FACILITIES (ESTIMATED)

Lasers - CO» $ S0K

Nd : YAG 20K
X-Y Table and Base 20K
Controller 30K
Tooling & Structure 50K
Molds and Injector 80K
Miscellaneous & Set-Up 50K

§300K




5.0 ADDITIONAL CONSIDERATIONS

5.1 PITFALL AVOIDANCE

There are two areas in which attention to detail can remove two specific
pitfalls. Both of these were worked around to permit the continuation of the
program, and both point to probable design improvements in the connectors
which can benefit actual connector use. These areas involve physical
construction of the connector tabs and the use of molded block dielectric into
which connector contacts are inserted at a later stage.

5.1.1 Connector Tabs

Severai of the connectors with which we worked had been designed for two
rows of .050 inch connector contacts and four rows of .1l00 inch contact tabs
for insertion into PWB's. As a result, the tabs were offset from the center
of the contacts. When the contacts were reversed in the connector block to
provide a dual row .050 inch tab configuration, they had very little space
(.002-.010) between them. A redesign of this area on certain connectors will
solve the problem.

5.1.2 Molded Block Dielectric

The practice of molding the connector bodies as separate (from the
contacts) items and assembling contacts in a subsequent operation created
difficulties in the FLEXICON molding operation which were solved by "pin
sealing” (see Appendices). Care must be taken in connector selection and
design of molds that the low pressure compound injection does not push epoxy
into the connector contacts from the back of the connectors. 1f the
dielectric bleck of the connector is molded around the contacts, there is no
difficulty. Pin Sealing, if ultimately required, could be automated as a
batch process prior to entry to the FLEXICON Processes.

5.2 ADDITIONAL DEVELOPMENT RECOMMENDED

Two specific additional developments have been recommended; both involve
the molding operation. First, it is suggested that the use of material other
than glass—-filled polyester be considered for connectors, and that
cost-effective alternatives be explored. This should be accomplished toward
the end of being able to use the Hydantoin Epoxy (and its cure temperature)
instead of the Bisphenol. Second, it is recommended that further materials
research be performed in the epoxy area to try and improve cure times and
temperatures for LIM epoxies. Both of these would improve producibility.




6.0 SUMMARY AND CONCLUSIONS

The Army-sponsored project for the termination of Flexible Printed Wiring
with Integral Molded Connectors has resulted in three significant advances in
manufacturing technology. The use of a COp laser for insulation removal
obviates the need for any other insulation removal or exclusion practice. The
welding with the Nd:YAG laser is a substantial reliability improvement over
all other prior practices. The reduction of Liquid Injection Molding to small
scale molding operations enhances productivity because of the relatively short
cure time. The value of these to Westinghouse alone is evidenced by the rapid
acceptance into four major programs. The value to the industry in general has
been seen from the large attendance and interest at industry meetings.
FLEXICON has been a very beneficial manufacturing technology program for
industry and DOD programs.




APPENDIX A

. AMP CONNECTOR SPECIFICATIONS
. (584R650)
s
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1. SCOPE. This drawing delineates the requirements for multi-
contact, environment-resistant, electrical connectors for
use with flexible printed circuitry. Requirements specified
herein but which are not specified or controlled in the
manufacturer's published specification are indicated by an
asterisk (*).

2. Applicable Documents, The following documents of the revision
indicated shall form a part of this document to the extent
specified herein., Documents listed without a revision status
shall be thecse in effect on the latest revision date of this
document (See 3,1),

Government and Nationally Recognized Publication,
Qa-¥-35 TIPASS.vAT.ON
QQ-N-290 Nickel plate
QQ-C-533 Beryllium Copper
QQ-S-16+ STAINLESS STale-
MIL-D-1000 Engineering Drawing
MIL-M-24519 Thermoplastic
MIL-G-45204 Gold Plate
MIL-C-55302 Multi-Pin Connector
MIL-STD-129 Package Marking
MIZ=STD-202 Test Method
MIL-STD-1285 Part Marking
Hu-1 Federal Code for supplier
97942 Westinghouse

*3, Requirement. The connector shall meet the requirements of
MIL-C~55302, unless otherwise specified herein.

3.1 Drawing Precedence,., This drawing takes precedence over

documents r
accordance with MIL-D-1000.

cterred tc herein and shall be interpreted in
A later revision of any

document listed in section 2 without a specific revision
letter may be used if requirements of the later revision
are not degraded below those specified in the earlier

revision.
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®3.2 Electrical.
3.2.1 Insulation Resistance, The 1lnsulation resistance shall not

be Tess than the va.iues specified below:
A) Before Humidity . ¢« « o ¢ « + « 5,000 megohms,
B) During and After Hunmidity . . ., 100 megohms.
3.2.2 Dielectric withstanding Voltace. When tested in accordance

with 4,.4.2, the <isleccric wltnstanding voltage shall be as
specified below;

A) Sea level . . . . e ¢ o o o o o 600 VRMS

B) 70’000 feet . . . . . . . L} . . 150 VRi\lS

3.2.3 Millivolt Drco (Contact Resistance)., The individual contact
millivolt Ercp shall not exceed 18 millivolt,

3.2.4 Current Rating. The current rating shall be 1.5 amperes
maximum for each individual contact,

¥3.3 Mechanical.

3.3.1 Physical, The ccanectors shall meet the dimensicgnal
characteristics o the applicable figure.

3.3.2 Contact encagement and separation forces. The contact
engagerent and separation forces shall be as specified
below:

A) Six (6) ounces maximum (See 4,4,33)
B) One tenth (.10) ounce minimum (See 4,4,3B)
3.3.3 Connector matins ani unratina forces. The connectcers shall

be capable oI oeinz mated ana unmated without the aid of
special tools. The forces shall be as specified below:

A) Maximum mating force shall not exceed 0.30 pounds
times the number of contacts in one connector housing.

B) Minimum force to unmate shall be 0,03 pounds times the
number of contacts in one connector housing. This
force shall not exceed the total force of 3.3.3 A.
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3.3.4

3.3.6

3.4,3

3.4.4
*3.5

3.5.1

3.5.2
*3.6

Durability. After 500 cycles of mating and unmating, there
shall be no evidence of electrical degradation or change in
mating characteristics. The requirements of 3.3,3 shall be
met. See 4.,4.9, ’

Contact Retention. Each individual contact shall withstand an
axial load of 2 pounds without becoming dislodged from the conn-
ector housing,

Polarization. All connectors shall feature a polarization
method to avoid mating in more than one position. Polarization
shall be accomplished before engagement of contacts.

Marking. When tested in accordance with 4,4,4, all marking
shall be clear and legible before, during and after solvency test.

Material.

Connector Housing. The connector housing shall be Thermoplastic
polyester 1in accordance with MIL-M=-24519, type GPT-30F.
Contacts. The contacts shall be beryllium copper in accordance
with Q0-C-533, halfhard.

Seal, The interfacial seal shall be in accordance with J.B.L.

Manufacturer, composition 5557 or equivalent.

ATTACHE D SHEET
Finish,

Contacts. The contacts shall be plated as specified below:

(A) The contact tails shall be Nickel Plated in accordance with
QQOQ-N-290, Class 3.

(B) The mating end of the contact shall be gold plated in
accordance with MIL-G-45204, Type II, class 1, grade B.
0.00005 inch minimum thickness over Nickel plate in
accordance with QQ-N-294, Class 2, 0.00003 inch thickness
minimum,

ATracused SHELET
Environmental, The requirements of MIL-C-55302 shall be met,

3.6.1

except as modified herein. The connectors shall be terminated and 4
potted with molding compound. ;

Salt spray. When tested in accordance with 4.4.5, there shall
be no evidence of corrosion or exposure to base materials. The
requirements of 3.2 shall be met before during and after Salt
Spray test. .

ORM NO. BAAYSIIFIG
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3.4.4 Jackscrews and Hardware. Ja~kscrews and hardware shall be
corrosion resistant steel in accordance with QQ-S-764, Series
303, Composition A,

3.5,2 Jackscrews and Hardware. Jackscrews and hardware shall be
passivated in accordance with QQ-P-35, Type I, II, or III,




3.6.2 Temperature Cvcling., When tested in accordance with 44§,
there snall be no evidence of corrosion or exposure to base
materials,

3.6.3 Moisture Resistance, WWhen tested in accordancé with 4,4,1,
there snall be nc evidence of corrosion or exposure to base
materials. The requirements of 3.2 shall be met before and
after the moisture resistance.

3.6.4 Vibration. Wwhen tested in accordance with 4.4.7, there shall
bé no evidence of the contacts loosening from the connector
body or evidence of intermittency creater than 2 nanoseconds.
The.requirements of 3.2 shall be met before and after vibration
test.

3.6.5 Shock. When tested in accordance with 4.4.8, there sh-71 be
no evidence of mechanical degradaticn or evidence of
intermittency greater than 2 rancsecsnds. The reguirc---ts
of 3.2 shall be met before and after the shock test.

*3,7 Identification and Marking,
3.7.1 Part MarXking., The connecitcr body shall be marked in accordance

with MIL-5TD-1285 with the following information:

(A) Westingnhouse H4-1l ccde identification number (97942)
followed by a dash ard the Westinghouse part number.
Example: 97942-584R650H01., . . . :

(B) Actual Manufacturer's number, register trademarXx or Hu4-1
code identification number.

(C) Date Code

3.7.2 Additional Marking, The ccntacts positions shall be identified.

*3.8 Workmanship., Work..anship shall be in accordance with MIL-C-55302.

4,0 Quality Assurance Provisicn, The guality assurance provision of
MIL-C-553J2 sihall be met except as modified herein,

4,1 Responsibility For Inspecticn.

4.1.1 Manufacturer, The manufacturer is responsible for controlling
the quality of his product and fcr offering to the procuring
agency only those items that coniform to the requirements
specified herein. ‘

B T
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4.1,2 Procuring Agency. The procuring agency reserves the right
to perrorm any test it deems necessary to assure the parts
conform to the specified requiremsnts.

5,2 Qualification Testing. Parts shall be subjected to qgualification
testing when requested, in writing, by the procuring agency. See
Table I.

4.3 Acceptance Testinag (Group A). Acceptance testing shall be performed
on all lots sent to the procuring agency. See Table II,

(A) with each shiprent the manufacturer shall certify parts
- meet all acceptance tests and requirements of this drawing,

(B) The manufacturer shall maintain acceptance test data, in
a safe place at his facility, for a period of (3) three years,

*Y4.4 Test Methods )

4.4,1 Moisture Resistance (humiditv), Test shall be conducted in
accordance with “IL-3:7D-202, Method 106 excevnt step 7B (vibration)
shall be deleted. Connectors in a mated condition, Readings
during humidity shall be takesn” during the high temperature portion
of each days cycle. Readings befcre and after humidity shall be
taken at room conditions +25 + 50C and 40-60% RH. See 3.6.3.

4,4,2 Dielectric Withstanding Voltage. The dielectric withstanding
voltage test shall be conducteda in accordance with MIL-STD-202,
method 301. The rate of applied voltage shall not exceed 50 volts
per second. The initial voltage shall be 50 volts, See 3.2.2.

4.,4,3 Contact Cngagerment and Sevaraticn fcrces, A steel hardened test
pin as specified pelow with a 4 nmicroinch finish shall be inserted
.100 and withdrawn and the nmeasured force shall be as specified

in 3.3.2.
+,0000 . +.0000
A, Engagement: 00,0190 -.0001 X 00,0190 -.0001
See 3.3.2A.
! . . +,0001 ..o +.0001
B. Separation: .0170 - 0000 X +0170 4500

See 3.3.28,

4.4.4 Marking Solvency Test. Marking solvency test shall be conducted
in accordance wita “iL-STD-202, Method 215. See 3.3.7.

SIZE FECM NO. PG NO
A|97942 | ss+reso
SCALE TREV |SHEET 17

M NO- NAASIZIFIS ? MKOK MALTIMOMRE 19 1153 148 MCUL T T V10w ¢ o34 o




4.4.6

Salt Spray. The Salt spray test shall be conducted in
accordance with MIL-STD-202, Method 101, condition B,
See 3.6.1.

Temperature Cycling, The temperature cycling test shall be
conducted 1n accordance with MIL-STD-202, method 107, concdition
B, -65°C to +125°C see 3.2.2 and 3.6.2. Connector shall be

in a mated condition.

Vibration. The vibration test shall be conducted in accordance
with MIL-STD-202, Method 204, condition B. See 3.,6.3. Connec-
tors shall be in mated condition.

Shock. The shock test shall be conducted in accordance with
MIL-STD-202, method 205, condition C. Connectors shall be in
a mated condition. See 3.6.4,

Durability., The rate of mating and unmating shall not exceed
cycles per minute. See 3.3.4.

0 MillivoltDrop (Contact resistance), The test shall be
conducted i1n accordance with MIL-STD-202, method 303. Tie
test shall include a mating contact. The mating contact
material shall be gcld plated over nickel plate., The pcint
of test on the mating contact shall be as close to the female
contact as deemed possible. Requirements of 3,2.3 shall be
met.

Preparation for Delivery,

Preservation, Packina and Packaging. Preservation packing and
: N ab L, Sonedi 2 e san
packaging shall be 1n accordance with Level C of MIL-C-55302,

Unit Container. The smallest unit container shall be marKed in
accordance witn MIL-STD-129 with the following information:

(A) Westinghouse H4-1 code identification number (97942)
followed by a dash and the Westinghouse part number.
Example: 97942-584R650H01.

(B) Manufacturer's name, registered trademark or HU-1 code
identification number,

(C) Manufacturer's part number,

(D) Date of Packaging in accordance with MIL-STD-1285,
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5.3 Shipping Container, The shipping container shall be rarked
1n accorgance wica MIL-STD-129 with the following irnformation:

(A) Westinghouse KHs~1 code identification number (97942)
followed by a cash and the Westinghouse part nurber.
Example: 97942~384R0650H01

(B) Manufacturer'’s narve or registered tradenmark,

(C) Procuring Ajency purchase order number,.

(D) Month and year of preservation and packaging.,

6. NOTES.

6.1 Approved Sources, entification of approved source(s) hereon
b is not to pe.ccnsirusl as a guarantee cf present or continued
availability as a rce of supply for the item cdescrited on
this drawing.

6.2 Westinghouse Internal.

6.2.1 Manufacturinc~Recei-inc Inspection. Parts shall be retained
in the snipping ccncalnher unless required for inspection or
assembly.
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QUALIFICATICN TESTING - TABLE I

Examiiswtion and

Reg't Test Quantity
Test Para. Method
Group A
Visual & Mechanical 6 Parts
Finish 3.5.1(A6B) Inspection
Dimension Figure - 100%
Marking 3.3.7 4.,4.4
Workmanship 3.8 Inspection No Failures
Dielectric Withstanding) 3.2.2 4.4.2 Allowed
Voltage
Group B
Moisture Resistance 3.6.3 4.4,1 3 Parts
Vibration 3,6.4 4.4.7 From Group A
Durability 3.3.3 4.4.,9
Salt Spray 3.6.1 4.4 5 No Failures
Millivolt Drop 3.2.3 4.4,10 Allowed
(contact resistance)
Group C
Temperature Cycling 3.6.2 b.4.6 3 Parts
Shock 3.6.5 4,4,8 From Group A
Contact Engagement 6§
Separation Forces 3.3.2 4,4.3 No Failures
(AEB) (A&B) Allowed s
ACCEPTANCE TESTING - GROUP A - TABLE II
Examinatlon or Reg' t Test Quantity
Test Para. Method
Visual & Mechanical
Finish 3.5.1(A8B) Inspecticn 100%
Dimension Figures - No Failures
Marking 3.3.7 4.4.4 Allowed
Workmanship 3.8 Inspection
Diclectric withstandind 3.2.2 4,4,2
Voltage ‘
SiZe FSCM HNoO., DwC NO
Q7Q42 584 R6S0
a)
AlC794
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APPENDIX B

HIGHER CONNECTORS SPECIFICATION

(584R701)
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A

1. SCOPE. This drawing delineates the requirements for multi-
contact, environment-resistant, electrical connectors for
use with flexible printed circuitry. Requirements specified
herein but which are not specified or controlled in the manu-
facturer's published specification are indicated by an asterisk (*).

2. Applicable Documénts. The following documents of the revision
indicated shall form a part of this document to the extent spec-
ified herein. Documents listed without a revision status shall
be those in effect on the latest revision date of this document
{see 3.1). . ’

Government and Nationally Recognized Publication,

QQ-N-290 Nickel plate
] QQ~C-533 Beryllium Copper
MIL~C-14550 Copper Strike \ |
MIL-D-1000 Engineering Drawing ' %
MIL-~-M-14 Diallyl Phthal=zate ‘
MIL-G-45204 Gola Plate
‘ MIL-C-55302 Multi-Pin Connector
( | MIL-STD-129 Package Marking . o
| MIL-STD-202 Test Method
MIL-STD-1285 Part Marking .
E H4-1 Federal Code for supplier'

Other Publications

J.B.L. Manufacturers (28704)
Composition 5557 Rubber

Hughes Aircraft (53669)
Composition 24776 Molding Compound

*3. Recuiremént. The connector shall meet the requirements of
MIL-C-55302, unless otherwise specified herein.

3.1 Drawing Precedence, This drawing takes precedence over documents
referred to hereln and shall be interpreted in accordance with
MIL-D-1000. A later revision of any document listed in section 2
without a specific revision letter may be used if requirements of
the later revision are not degraded below those specified in the
earlier revision.
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$3.2 | Electrical, - _ )

3.2.1 Insulation Resistance. The insulation resistance shall not
be Iess tnan the values specified below:

N
A) Before Humidity . . « ¢ « « « « 5,000 megohms.’
B) During and After Humidity . . . 100 megohms.
3.2.2 Dielectric Withstandinag Voltage. When tested in accordarce

with 4.4.2, the clelectric witnstanding voltage shall be as .
specified below:

A) SeaLevel . . « « o o « o « &« o 600 Vgug

o = e e e+ e

B) 70'000 feet e e e o © © o o e = 150 VRR.IS

J.2.3 Millivolt Droo (Contact Resistance)., The individual contact
millivolt Crop snall not exceed 18 millivolt.

3.2.4 Current Rating. The current rating shall be 1.5 amperes
maximum for 2ach individual contact.

*3.3 Mechanical. ;

3.3.1 Physical., The connectors shall meet the dimensional
characteristics of the applicable figure.

3.3.2 Contact encagerent and semaration forces. The contact
engagerment and separatlicnh torces snall pe as specified
below: ‘

A) Six (6) ounces maximum (See 4.4,33) .
B) One tenth (.10) ounce minimum (See 4,4.3B)
3.3.3 Connector rmating and unmating forces, The connectors shall

be capable oI pe.ng mated ané unmated without the aid of j
special tools. The forces shall be as specified below: ,

A) Maximum matinag force shall not exceed 0,30 pounds

. times the number of contacts in one connector housing. ]

B) “Minimum force to unmate shall be 0,03 pounds times the
number of contacts in one connector housing. This
force shall not exceed the total force of 3.3.3 A.

SIZE €SCAM NO.  (DWG NO
A G QA 584R701
-~ 4
e : SCALE |rEV [sHeer =
B-8




3.3.4 Turability. After 500 cycles of mating and unmating, there
shall be no evidence of electrical degradation or change in
mating characteristics. The requirements of 3.3.3 shall be
met. See 4.4.9,

} 3.3.5 Contact Retention. Each individual contact shall withstand an
axial load of 2 pounds without becoming dislodged from the
connector housing.

3.3.6 Polarization. All connectors shall feature a polarization method
to avoid mating in more than one position. Polarization shall
be accomplished before engagement of contacts.

3.3.7 Marking. When tested in accordance with 4.4.4, all marking shall
be clear and legible before, during and after solvency test.

*3.4 Material.
3.4.1 Cennector Housing. The connector housing shall be Diallyl

Phthalate i1n accordance with MIL-M-14, Type 50G-F, color green,
durez molding No. 24776 or equivalent.

3.4.2 Contacts. The contacts shall be beryllium copper in accordance
with QQ-C-533, halfhard.

3.4.3 Seal. The interfacial seal shall be in accordance with J.B.L.
Manufacturer, composition 5557 or egquivalent.

*3.5 Finish,
3.5.1 Contacts. The contacts shall be plated as specified below:
(A) The contact tails shall not be plated.

(B) The mating end of the contact shall be gold plated in
accordance with MIL-G-45204, Type II, class 1, grade B,
0.00005 inch minimum thickness over Nickel plate in
accordance with QQ-N-290, Class 2, 0.00005 inch thickness
minimum, over copper strike in accordance with MIL-C-14550.

*3.6 Envirconmental. The requirements of MIL-C~55302 shall be met, except
as modiried hereln. The connectors shall be terminated and potted
with molding compound.

3.6.1 Salt Soray. When tested in accordance with 4.4.5, there shall
be no evidence of corrosion or exposure to base materials. The
requirements of 3.2 shall be met before during and after Salt
Spray test, '

SIZE FSCM NO. w“Q NO
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3.6.2

3.6.3

3.6‘“

3.6.5

$3.7
3.7.1

3.7.2
*3.8
*4,0

Temperature Cvclina., When tested in accordance with 4.4.6.
there snall co no evidence of corrcsion or exposure to base
materiais.

Moisture Pesistance, When tested in accordance with 4.4.1,
there snail Lo no evidence of corrosicn Or exposure to base
materials. - The regquirements of 3.2 shall be met before and
after the moisture resistance.

Vibration. Wwhen tested in accordance with 4.4.7, there shall
be no evidence of the contacts loosening frem the cannec:tcr
body or evidence of intermittency creater than 2 nanoseccnds.
The.requirements of 3.2 shall be met befdre and after vibration
test.

Shock. Wwhen tested in accor c
no evidence of mechanical ce Zati
intermittency greater =than 2 nanos
of 3.2 shall be rmet Defore and afte

e with 4.4,8, there shall ke
: ion or evidence of

eccnds. The recuirements
r the shock test,

Identification and Markin-,

Part Markinrz The connectcr bedy shall be marked in accoriance
With MIL- STD 1285 with the followxnc information:

(A) Westinchouse Hiu-1 ccde identification number (97942)
followed by a desh and the Westingiaouse part number.
Example: 97942-584R701H01.....

(B) Actual anufa

cturer's number, register tradsmark or Hi-1
code identificati

e
i0n nurcer.

(C) Date Code

Additional Markinz. The contacts positicons shall be identified

Workmansnion, Workmanship shall be in accordance with MIL~C-55202,

g . The quality assurance provisicn of
MIL-C-5530. saalii ce met except as modified herein.

el

4.1 Responsibtility For Inspection. IR
4,1.1 Manufa rer, The manufacturer is responsible for controlling
the qua*zﬁ_ c:Z nhis precduct and for offering to the procuring
agency only those items that conform to the requirements
specified herein.
SIZE FSCM WO, CwiG KO
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7
4,1.2 Procuring Agencvy. The procuring agency reserves the right
: to perform any test it deems necessary to assure the parts
conform to the specified requirements. ’

4,2 Qualification Testinz, Parts shall be subjected to qualification
testing when requested, in writing, by the procuring agency. See
Table I.

4.3 Acceptance Testing

(Grocup d), Acceptance testing shall be performed
on all lots sent T

o the procuring agency. See Table IX.

{A) With each shirment the manufacturer shall certify parts
meet all acceptance tests and requirements of this drawing.

(B) The manufacturer shall maintain acceptance test data, in a
safe place at his facility, for a period of (3) three years.

LT ) Test Wethods

4§.4,1 Moisture Resistarce ‘Zrmiditv)., Test shall be conducted in

' accordance wizwn MIL-Z-2-222, Method 106 except step 78 (vibration)
shall be deleted. <Jcnnectcrs in a mated condition., Readings
during humidity shall be taxen during the hich temperature por+tion
of each days cycle. Readings before and aiter hunmidity shall be
taken at room conditicns +25 * 5°C and 40-603 RH. See 3.6.3.

' 4.4.2 Dielectric Withsrardinz Voltace. The dielectric witastanding

{ voltage test snall c= ccncucted 1n accordance with MIL-STD-202,
method 301, The racte 2f acplied voltace shall not exceed 50 vclts
per second. The initial voltage shall be 50 volts. See 3.2.2,

4.4.3 Contact Engacement ard Secaration forces. Shall be determined.

4.4.4 Marking Sclwencw Test., Marking solvency test shall be conducted
‘1n accordance witn MIL-STD-202, Method 215. See 3.3.7.
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4.4.5 Salt Spray. The Salt spray test shall be conducted in’’
accordance with MIL-87C-202, Method 101, condition B.
See 3.6.1l. Connector shall be terminated and in a mated
condition. o
4.4.6 Temperature Cvclina, The temperature cycling test shall be
conducted 1n accscriance *Lth MIL-STD-202, method 107 condition
B, -65°C to +123°C see 3.2.2 and 3.6.2. Connectors shall~be .
terminated and in a mat ed condition. . )

=
(9]

4.4.7 Vibration, The vibration test shall be conducted in accordance .
wlith MIL-STD-202, Me<thzZ 204, condition B. See 3.5.3. Connec-
tors shall ke terminated and in mated condition.

4.4.8 Shock. The shock test shall be conducted in accordance with
MIL-STD-202, rathed 205, condition C. Connectors shall be
terminated and in a ma+ed condition. See 3.6.4.

4.4.9 Durability. The rate of mating and unmating shall not exceed
20 cycles per minrute. See 3.3.4.

4.4.,10 Millivolt Drco (Ccntact resistance). The test shall be conducted
in accordances wizwi MIL-37D-202, methed 303. The test shall include
a mating conzact. The mating contact material shall b2 gold platac
over nickel plate over cozver strike, The poilnt of test on the
mating contzct sh21ll 2 as close to the female contact as deened
possibie. Reguiretents of 3,2.3 shall be mert.

*5. Preparation for Deliverw.

5.1 Preservation, Packinz

and kacina. Preservation packing and
packaging shall de 1n accc

2C
cance wicth Level C of MIL-C-33302.

5.2 Unit Container. The smallest unit contziner shall be marked in
accordance with MIL-STD-129 with the following information:

(A) Westinghouse Hid-1 code identification number (97942)
followed by a dash and the Westinghouse part number.
Example: 97942-55-<3701%H01

(B) Manufacturer's name, registered trademark or HuU-1 code
identification numkter.

(C) Manufacturer's part number.

(D) Date of Packaging in accordance with MIL-STD-1285.
SIZE FSCM NO. OWQ3 NO i .
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6.
6.1

6.2
6.2.1

Shipping Container, The shipping container shall be marked

in accoraance wicn MIL-STD-129 with the following information:

(A) Westinghouse H4-1 code identification number (97942)
followed by a dash and the Westinghouse part number.
Example: 97942-584R650H01 .

(B) Manufacturer's name or registered trademark.

(C) Procuring Agency purchase order number.

(D) Month and year of preservation and packaging.

NOTES. *

Approved Sources. TIdentification of approved source(s) hereon
1s not tc De . ccastrued as a guarantee of present or ccntinued
availability as a source of supply for the item described on
this drawing.,.

Westinghouse Internal.

Manufacturin~-Receivinag Insvection., Parts shall be retained
in the snioping container uniess required for inspection or

assembly. .
SIZE FoCM NO. Dy/G NO
')
A|97942 S
SCALE [REV [SHEET -4

NAALIO? LS

‘s MAL BALTIMUMNL 10 5133 tt AMCUL PR 1w ™0 ) s




QUALIFICATICN TESTING - TA3LE I
—~— - - —
| Examination and Regq't Test Quantity
Test Para, Method
} Group A
{ vVisual & Mechanical 6 Parts
| Finish 3.5.1(A&B) Inspection
| Dimension Figure - 100X
{ Marking 3.3.7 4,8,4
t Workmanship 3.8 Inspection No Failuyres
! Dielectric Withstanding| 3.2.2 4.58.2 Allowed
} Voltage .
{ Group B
t Moisture Resistance 3.6.3 4.3,1 3 Pparts
{ Vibraticn 3.6.4 84.4,7 From Group A
! Durabilisy 3.3.3 4.4.9
i Salt sSprav 3.6.1 4.4 5 No Failures
{ Millivolt Crop 3.2.3 4.4,10 Allowed
1 (contact resistance)
! Group C
y
| Temperature Cycling 3.6.2 4.4.6 3 Parts
Shock 3.6.5 4.3.8 From Group A
Contact EZngagement &
Separation rorces 3.3.2 8.4.3 No Failures
(AEB) (A&B) Allowed
B
ACCEPTANCE TESTING - GRCU? A - T23LZ I1 )
]
" Examlnation or Req't Tesc Quanctizy
Test Para. Method
visual § Mechanical
Finish .. 3.5.1(A&B) Inspecticn 100S
Dimension Figures - No Failures
Marking 3.3.7 4.4.,4 Allowed
Workmanship 3.8 Insgection
pielectric withstandind 3.2.2 4.4,2 !
Voltage .
&ZE‘ FSCM O, {0WG NO
A 9'70‘/7 2 584R701
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APPENDIX C
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APPENDIX D

PROCESS SPECIFICATION FOR LASER STRIPPING OF FLEXIBLE PRINTED WIRING
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1.1

2.1

2.2

3.1

3.2

3.4

SCOPE

This specification descrives laser stripping of flexiole printea
circuitry.

APPLICABLE DOCUMENTS

The following documents for a part of tnis specification to tne
extent specified nerein.

Material

sovernment vesignation westingnouse No. Name

MIL-T-81533 (M51550rC) Innipiteq
Metnychloroform

Parenthesis. loentifications shown in parentnesis in tnis

specification are for tne use of Westirghouse and its suocontractsrs
only and are not required Jy others to perrarm the process outlineg.

REQUIREMENTS
Safetz. Materials usea in performing tnis process may o2e nazargous.
Safety precautions snall always pe applied. Tne environment,

equipment, and tools necessary for tne gerrormance of any part of
this specification snall ne designeq, faoricateg, installed, ana usea
in accorgance witn the applicaole occupational safety ang neailtn
standards. when applicaole, Safe Practice Data Snmeets (SP0S) ang
Safe Practice Procegure Sneets (5PP5) dre soecifica aerein.  when
necessary, consult Industrial Hygiene anu >afety.

Handling. ~“lexinl2 printed caole snall not ne folgea, creasea, or
Hand.ing. : ,
torn. Tooling snall not gamage circuitry.

cquipment. Laser stripping eqguipment Meetlng the foliowing minimum
perrormance characterlstics snall be used:

(a) COp Laser, 1U.6 micrometers wavelentn.
(b) Rated Qutput - 150 watt average power.
(c) Pulse Rate - 1 to 1000 pulses per secona.
(d) Pulse Duration - .0l to 1.0 millisecona.

Material preparation. The flexible printed circuitry snall ope
staopilizea oy neating at 34 + 14°C (200 + 25°F) for 3 + L/4 hours.

PAGE FaOCM NG SPECIFICATION NUMBER
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5.5

3.6

3.7

4.1

gLrieeinq. Strippliyg shall bDe accomplishest wilh g beail SpoL SiZze g
material travel speed to provide o cledn laser cut or wkert in the
insulation with no damage to the conuuctor.

Cleaning. The stripped area shall wve cleaned wusing innioited
methylchloroform (*'51550FC) (5PDS M-9) and a soft orush, Dpipe
cleaner, or ultrasonic cleaner. Cleaning must not distcot circuit
pattern.

Examination. Examine as follows:

(a) visual. Tne strippec area shall oe clean of deoris or foreign
matter. There shall be no carponized piproducts of tne stripped
insulation on the curcuitry. If insulation is left on one side
of the circuitry pattern, there shall be no charrea insulation
between circuits and the insulation on the cicuits shall not be
blistered or charred. The circuitry shall not pe oistorted from
its prestripped pattern.

(v) Insulation resistance. Unless  otnerwise  specified, tne

insulation resistance of the stripped caole shall pe 1.5 x 106
milliohms minimum,

(c) ODielectric withstanding voltage. Jnless otherwise specified,
the dielectric witnstanding voltage of the stripped cable shall
be 1000 volts direct current minimum.

QUALITY ASSURANCE PROVISIUNS

Inspection. Monitoring and inspection snall be provided to assure
that this process is implemented in compliance with the requirements
of Section 3.

PREPARATION FOR OELIVERY

This section 1s not applicable to tnis specificatiuvn.

NOTES

Tnis section is not applicaole tu this specification.
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APPENDIX E

PROCESS SPECIFICATION FOR LASER WELDING OF FLEXCIRCUITS
TO CONNECTORS




APPENDIX F

PROCESS SPECIFICATION FOR LASER WELDING

OF FLEXCIRCUITS TO CONNECTORS 4

1.0 SCOPE

This specification establishes the process requirements and quality
assurance provisions for laser welding of flexible circuits to

connectors.

2.0 APPLICABLE DOCUMENTS

3.0 REQUIREMENTS

3.1 Equipment - Laser welding equipment shall be available to
provide welding of flexible circuits to connectors in
accordance with specification requirements.

3.1.1 Equipment Performance Characteristics
TYPE - Nd. Yag Laser 1.06 microns (1060 manometers)
Rated Output -~ 200 watt Avg. Power Minimum

Pulse Rate - 1 to 200 pps

Pulse Duration - 1 ms to 7 ms.

3.1.2 Maintenance - The laser welding equipment shall be
maintained in accordance with the manufacturers
instructions. Replacement of lamps cleanim of

optical components and replacement of filters shall

be in conformance with manufacturers recommendation.




3.2 Materials to be welded shall have been previously verified as
conforming to the requirements of their applicable specification

and to meet the surface condition requirements as specified in

the weld schedule for the particular well joint assembly.

3.3 Process

3.3.1 Process definition - The process and process control shall

be contained but not limited to the items listed in sections
3.4, 3.5, 3.6, 3,7, 3.8 & 3.9

3.3.2 Process Review Approval - The proposed process shall be

submitted to the responsible engineers of Research &
Engineering and Quality Control in a dated and numbered
document for approval.

[ 3.3.3 cChanges to Process - Once a process has been approved

no changes in the essential variable or procedures are
permitted without the prior written approval of the
1 responsible engineer.

3.3.4 Personnel - Laser welding operations required by this

specification shall be performed by personnel who have
been trained and certified.
Surface Conditions - The surface shall be visibly clean and
uniform in appearance. Acetone, MEK or alchohol may be used

to remove any oil or similar contaminants. The surface con-

dition shall comply with the requirements as outlined in the

weld schedule.




3.4.1 Part cleanliness shall be maintained by storing the
part in a suitable plastic container. Parts after
cleaning should be handled in a manner to prevent
contact or contamination of the weld surfaces.

3.5 Weld Schedule - Laser welding shall be accomplished in
accordance with the established weld schedule for each appli-
cable part to be welded. The weld schedule shall define the
surface preparation, fixturing and laser welding process
parameters such as energy, pulse length, pulse rate, speed
focal distance, filler material, size and shape, gas flow
and specific unique alignment requirements.

3.5.1 Filler material: Filler material, if used, shall meet

( material and weld schedule specifications. Filler

material shall be handled with the same cleanliness

and care as the parent materials and parts.

3.6 Weld Requirements - Weldments shall conform to the requirements
of the engineering drawing referencing this specification and
be in accordance with the following criteria.

3.6.1 Weld Appearc
The welr . .d . 1 be uniform in appearance and there
shall be visible signs of metal fusion at the interface
of conductors and pins. Under or thinning shall
not exceed 50% of the total thickness.

3.6.2 Cracks
There shall be no cracks in the welds when examined at

a magnification of 7 to 10X.

E-3




Repairs

Repair of imperfections or defects in the weld zone may be -

permissable with the following limitations.

3.7.1 Repairs do not cause damage to the connector or
flexible circuit,
Repairs do not interfere with the sealing or potting
of the connector flexcircuit combination. Minimum of
(3) repairs are permissible per connector.
All drawing requirements are met after repair,

3.8 Handling

The welded assembly shall be handled with care prior to potting

to prevent damage to welded connectors., Operators shall use
handling aids provided.
3.9 safety
l The laser welding equipment shall be operated in accordance to
government and manufacturers safety guides and regqulations.
Interlocks, safety signs and safety goggles shall be employed

to prevent injury to pe sonnel.

4.0 SURFACE PREPARATION
Quality Assurance shall determine that the surface preparation
procedures used prior and during the welding operation shall be

in accordance with the specification requirement,

Normally flexible circuits whose insulation is removed by laser,
shall be left as is, without further cleaning operations other
than organic solvents such as alchohol. Oxides on surfaces of

conductors which are used for adhesion of the insulating film shall not

be changed without notifying the supervisor in charge of laser welding.




4.1

4.2

Materials
Quality Assurance shall determine that the materials used in
the welding operation are in accordance with the specification
requirements.
Equipment /Operator Verification
4.2.1 Machine/operator controls
Suitable means for indicating directly or indirectly
the settings for each variable which must be controlled
to make a satisfactory weld shall be available.
4.2.2 Machine Maintenance
Machines shall be maintained in good mechanical and
electrical condition per manufacturers recommendations
and their controls checked at least every 6 months.
Equipment /Operator Certification

4.3.1 Equipment Qualification - Process approval is achieved

by making satisfactory welds in accordance with this
specification. Specimens shall be prepared from the
same or similar materials as the parts to be welded.
4.3.2 Two simulated or production flexible cable to connector
weld assemblies shall be joined to meet the requirements
of this specification.
4.3.3 Operator Certification
Operator certification shall consist of satisfactorily
completing the following:
a) Resetting the pulse forming network jumpers to

establish the appropriate pulse length,
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4.4

b)

c)

d)

Establish the pulse rate, power settings and focus.
Align test specimens and verify alignment with
optical or video menitors and set table speed

or program.

Weld the two specimens per weld schedule to

satisfy requirements of this specification,

It is permissable to qualify the welding machine and operator

using the same set of test specimens.

Certification Status - Operator certification status shall be

maintained by either completing the qualification requirements

of this specification every twelve months or by maintaining a

complete record of workmanship based on an approved periodic

scheduled inspection of typical production welds.

4.4.1 when major changes in equipment are made, the machine

shall be requalified.

4.4.2 Schedule Certification - A suitable weld schedule shall

be established for each type joint that is to be welded

in productiqn. Certification of the schedule is accom-

plished when two connector/flex circuit assemblies are

welded to meet the requirements of this specification.

4.4.3 The weld schedule shall list the following essential

parameters:

1) Speed - relative speed of part to laser beam.

2) Pulse length expressed in milliseconds

3) Pulse rate - pulses/sec

4} Power level - as indicated on the PFN meter and
the watt power meter

S} Focus distance - as established by the weld

certification test samples,
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PROCESS SPECIFICATION fOR PIN SEALING OF CONNECTORS
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2.

1

SCOPE

This specification describes the application of hydantoin epoxy resin
adhesive to an electronic part.

APPLICABLE DOCUMENTS

The following documents form a part of this specification to the extent
specified herein:

Materials

Government Designation Westinghouse No Name
None M53841US Epoxy Resin
None M54601PH Hardener
None M52514BG Silica

Parenthesis. Identification shown in parenthesis in this specification
are for the use of Westinghouse and its subcontructors only and are not
required by others to perform the process outlined.

REQUIREMENTS

Safety. Materials used in performing this process may be hazardous.
Safety precautions shall always be applied. The environment, equipment,
and tools necessary for the performance of any part of this specification
shall be designed, fabricated, installed, and used in accordance with the
applicable occupational safety and health standards. When applicable,
Safe Practice Data Sheets (SPDS) and Safe Practice Procedure Sheets
(SPPS) are specified herein. When necessary, consult Industrial Hygiene
and Safety.

Operations, .

Preparation of adhesive. The following ingredients shall be mixed i
together thoroughly to form the hvdantoin epoxy resin adhesive. :

Ingredients Parts by Weight
Epoxy Resin M53841US (SPDS R-5) 100
Hardener M54601PH (SPDS A-28) 4?2
Silica M52514BG (SPDS S-3) 14

The storage stability of the prepared adhesive is one hour at room
temperature.

2 97942 PS82410UF -
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3.2.2 Application of adhesive. Apply a uniform coat of adhesive to the parts 1
at the juncture to be joined. The most applicable methods shall be used ;
- brush, spray, hypodermic or spatula.

3.2.3 Curing. The part shall be cured for 1 hour at 75 + 5°C (167 *+ 9°F).
Alternate cure is 7 days at 25 + 5°C (77 + 9°F).

3.2.4 Finishing. The part shall be cooled to room temperature and then may be
ground to specified dimensions.

4, QUALITY ASSURAMCE PROVISIONS

4.1 Inspection, Monitoring and inspection shall be provided to assure that
this procedure is implemented in accordance with the requirements of
Section 3.

5. PREPARATION FOR DELIVERY

This section is not applicable to this specification.
6. NOTES

This section is not applicable to this specification.
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APPENDIX G

PROCESS SPECIFICATION FOR MOLDING WITH HYDANTOIN EPOXY
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1.1

2.

2.2

3.
3.1

SCOPE

This specification describes the liquid injection molding of hydantoin
epoxy resin compound.

APPLICABLE DOCUMENTS

The following documents form a part of this specification to the extent
specified herein:

Materials

Government Designation Westinghouse No Name
None M53841UR Epoxy Resin
None M51475FP Epoxy Resin
None M54601MB Hardener
None M54601FV Accelerator
None M54601PK Curing Agent
Process Specification

Government Designation Westinghouse No Name
None PS83342YN Mold Release

Parenthesis. Identifications shown in parenthesis in this specification
are for the use of Westinghouse and its subcontractors only and are not
required by others to perform the process outlined.

REQUIREMENTS

Safety. Materials used in performing this process may be hazardous.
Safety precautions shall always be applied. The environment, equipment,
and tools necessary for the performance of any part of this specification
shall be designed, fabricated, installed, and used in accordance with the
applicable occupational safety and health standards. When applicable,
Safe Practice Data Sheets (SPDS) and Safe Practice Procedure Sheets
(SPPS) are specified herein. When necessary, consult Industrial Hygiene
and Safety.
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3.2 Operations.

3.2.1 Preparation of compound. The following ingredients shall be mixed
together thoroughly to form the hydantoin epoxv resin compound.

Ingredients Parts by Weight
Epoxy Resin M53841UR (SPDS R-5) 70
Epoxy Resin M51475FP (SPDS C-9) 30
Hardener M54601MB (SPDS C-9) 157
Accelerator M54601FV (SPDS A-28) 1
Curina agent M54601PK (SPDS A-28) 3
The storage stability of the prepared compound is one hour at shop temp-
erature.
[‘ 3.2.2 Preparation of mold. The mold shali be prepared in accordance with
PSE%EI?YN.

3.2.3 Application of compound. The prepared compound is injected into the
mold, which is heated to 140 to 160°C (284 to 320°F), until it is com-
pletely filled.

3.2.4 Pressure cycle. The mold and its contents shall be placed under pressure
of 5 + 5 pounds per square inch for 1 + 0.1 minutes and then returned to
atmospheric pressure. L—‘

‘ 3.2.5 Part removal. The part may be removed from the mold prior to curina.
3.2.6 Curing. The part shall be cured for 4 to 16 hours at 135°C + 5°C.

3.2.7 Post curina. Post curing shall be applied only if specified. The part
shaTl be post cured for 96 hours minimum at 150° + 5°C.

3.7.8 Finishing, The part shall be cooled to room temperature. The part may
be qround to specified dimensions. Cracks or voids shall be touched up
with the compound of 3.2.1 and cured in accordance with 3.2.6. Varia-
tions in color of the cured resin are to be anticipated.

4, OUALITY ASSURANCE PROVISIONS

4.1 Inspection. Monitoring and inspection shall be provided to assure that
this procedure is implemented in accordance with the requirements of
Section 3.

5. PREPARATION FOR DELIVERY

This section is not applicable to this specification.
6. NOTES

This section is not applicable to this specification.
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FLEXTCON, LOW COST AUTOMATABLE TERMINATION
FOR FLEXTBLE PRINTED WIRING

James A.

INTRODUCTION

Flexible printed wiring (FPW) and flat
conductor cable (FCC) have been pro-
mising significant weight and volume
reductions for svstems for manyv vears.
Much of this promise has not been rea-
lizable, however, because of the costs
and difficultices associated with the
termination of the wiring and cabling
in svstems where high reliability and
environmental extremes are a require-
ment. At present, the termination
techniques are limited in that they use
processes which are sufficientlv in-
variant in tolerance that they result
in low vields and high costs as well as
time-consuming steps.

Under a contract with the US Armyv
Migsile Command, ledstone Arsenal,
Alabama, a shorough review of available
processes and connector styles has
resulted in a completelv new approach
which is of sufficient cost savings as
to be commercially as well as militarily
viable. This program has five basic
features:

1. It is capable of being applied to
4nyv planar connector with one or two
rows of conductor pins on the back.

2. Insulation removal by abrasive or
open~cover-coat "echniques is not
required. The cables are stripped bv
a (0, laser beam.

3., Welding of FPW to connectors using
a Nd:YAG laser results in a highly
reliable joining with a tolerant weld
schedule. This tvpe of weld also lends
itself to automatic visual (as well as
electrical) inspection.

4. Sealing and molding using a new
formulation of epoxv which provides

Henderson

Westinghouse Electric Corporation

Defense and Electronic Systems Center
Baltimore, Md.
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both support for the weld area and flexi-
bility for the FPW egress ensures a
militarily acceptable interface.

5. Design for a fully automated fa-
cility with capability of 500 assemblies
per 8 hour shift establishes the basis
for a very low cost assembly.

This presentation will concentrate on an
overview of the program, its cost
effectiveness and projected utilization.
Discussion of the adaptability to many
connector designs for cable-to-cable,
cable-to-chassis, and cable-to-printed
wiring board will be included. More
definitive papers %Tsail the processes
and use of lasers , the new epoxv
formulation u?q)liquid injection mold-
ing approach 77, and the design (Of33
fullyv automated production facility

PROGRAM REQUTREMUNTS

The specific requirements which were
generated for this program were of two
types. One type relates specifically

to the environments and service which
the assemblics are intended to see.

The second type is specifically oriented
toward the particular characteristics

of flexible printed wiring (FPW) and
flat conductor cable (FCC).

Service Related Needs

The most important interconnection need
of the militarv community was a low
cost, highly automatable termination
for FPW which is capable of meeting the
airborne environmental requirements.
The high density interconnection needs
in the militaryv airborne arena have
virtually dictated the use of FPW and
FCC technologies on many programs be-
cause of the excellent volumetric
characteristics as well as the many
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other attendant features. However, most
available terminations that would meet
the temperature humidity environments
require costly hand labor operations
which have .ot been considered for
automation because of low volumes. The
result has been a significant avoidance
of the use of FPW in manv arcas to avoid
the costly hand operations and un-
necessaryv high costs where the technol-
ogies have been used. A production

rate of 500 assemblies per 8 hour shift
was targeted.

Technologv Related Needs

Flexible printed wiring is a planar
technology, that is, all of the circuits
on one piece of wiring are in a single
plane. Therefore, connectors and pro-
cesses which consider this feature are
of importance. Also, with the in-
creased use of FPW and FCC in higher
voltage applications, the selection of
connector stvles, materials and seals
which protected these characteristics

at high altitude was important. Not to
be overlooked was the compatibility of
materials and processes with the most
popular FPW insulations in

use .,

CONNECTOR  EVALUATION AND SELECTION

Spevific vriteria

hegun
fWo—Tow,

The selection of conrectors was
with a scarch conne ctors of
planar contivaration. Because the
FPW/FCC technologies are popularly
contigured on .050 centers (con-
ductor-to-conductor), connectors with
this feature were {elt to be desiraovie,
Materials had tce be compatible with
operating temperatures of -559C to
+1259C, and capable of heing sealed
(pin-to-pin) against the moisture and
humidity conditions of the airborne
environment.

tor

basic

inch

Selection Procees

An industrye curvev was conducted. Sup-

the
media with connectors capabie ot
inating

varions
term-
FOO were solicited,

nlicrs whe odvertise in

FPW and and

those who had the greatest potential for
meeting program objectives were visited.
Sketches, drawings, and samples obtained
were used to evaluate termination pro-
cess adaptability and to help establish
any configuration changes necessary to
enhance termination and ensure a mil-

qualifiable product.

Those connectors considered as candi-
dates for the final selection were
evaluated relative to each other for
connector cost, degree of tooling re-
quired, availabilityv of componer t parts
and materials, current carrying capa-
bilitv, final mold adaptabilitv, relia-
bilitv, and termination process compati-
bilitv. A matrix of these comparative
values was generated.  The relative
weightiny of the seven factors for

importance was separately determined.

Bv post-multis!vias the factor matrix
with the oo 0 o o0 iae, oo weighted
value matris W . 0 e, with the sum
of cach row D : ol o value,

The woaw i, - e v o~et oun, the
Towest Thesc
resmul: = : . MY Minihox
o b : cotdered tirst.
AT . : : copcles UTEMY con-
Necter, U Yorther con-
sidoerations wore oo the AMP minibox
contector ha itreads metr O of MIL-C-
SA302/117, 119, 31 qwith no interfacial
seal), and that Burndvy could be a second
source for Hughes.,  Both connector de-

been modeled with an inter-

seal.

sivns have

Pacial

PROCESS EVALUATTON AND SELECTTON

The basic appreach to process selection
wias to minimize consideration of repair-
Aabilitv and maximize the factors of
high reliabilityv and low cost. A basic
need of the military customer i= high
reliability of passive compenents of a
with part Tow that re-
pair would not be considered necessary,
and “"replacement™ would be the dominant
maint enance mode.

svstem, costs so

Specitic Criteria

reviewved were divided into

Ve processes
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performed. The results of these clearly
showed that the candidate insulation
removal technique involved the use of a
COy laser, the joining technique was
laser welding for FPW and wave solder,
vapor phase reflow, or Nd:YAG laser
welding for printed wiring boards. For
sealing and molding, a semi-flexible
hydantoin epoxy was initially selected.

ADAPTABILITY TO OTHER NEEDS

The prospect of providing a development
of limited utilization due to non-
adaptability to other interconnection
media was avoided by specifically iden-
tifying connectors and techniques which
could provide more than merely an FPW to
FPW (or FCC) interface. As a result,
the interfaces available include the

¥ P
. Figure 1 Two Connector Families Were
4 Selected for Program Demonstration

three basic categories, insulation re- following:

movable, connector to cable joining,

and sealing and molding. Obviously FPW to PWB: Alluded to earlier in the
for some approaches these were not all process development discussions, these
necessary, and there was some overlap. are available in two configurations.

But the necessary basic criteria re- In the lower part of Figure 2 there is
mained. We needed a highly reliable a connector for plated-thru-hole mounting
series of proceses which were readily on boards such as matrix plates (back-
adaptable to full automation and were planes) or those with components having
rapid enough to provide a throughput leads that penetrate the board, such as
of one assembly every minute. All basic DIPs and discrete resistors and capa-
and many exotic processes were proposed citors. Above that the connector avail-
and considered, but we desired to stay able for surface mounting is shown.

as much as possible with proven tech- This would be used on boards using
nologies. One other point of considera- devices such as hermetic chip carriers,
tion was necessary. Not only did the flat packs, and leadless inverted de-
processes have to be compatible with vices, or boards which cannot have

cable and connector materials and the lead penetration due to heat sink tech-
projected environments, they also had niques used.

to be compatible with each other.
FPW (or FCC) to Chassis Wiring: The

Selection present program used the assumption
that the chassis wiring would be FPW,
The process evaluations were conducted so the criterion could be met with a
in a similar way as the connector se- capability of mounting the connector
lections. Those deemed candidate were to a bulkhead or chassis panel. This
compared to each other for thirteen can be done with the FPW to FPW con-
different factors. These factors were figuration, as shown in Figure 3. One
rated together for importance and nor- of the prime connector suppliers, aware
malized. The post-multiplication of that some cases may require chassis
the matrix of comparative values by wiring to be stranded single conductor - H
the relative weighting of the factors wire, is presently developing that !
produced a weighted matrix which, when configuration with their own internal
summed horizontally vielded a ranking. funding.

Analysis of variances could also be




For Surface or Plated-Thru-Hole
Mounting

Figure 3 Connectors Can Be Chassis
Mounted

Partial Processes: In several in-
stances alreadv identified at Westing-
house, there are cases where cable
egress is such as to allow the use of
some, but not all, of the processes.
In these cases, those that can be used
are done so to advantage. Of particu-
lar consideration is the molding com-
pound which has fast cure capability
and a good voltage characteristic.

Figure 2 PWB Connectors Are Availablé
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Other Connectors: The adaptability of
these processes to many other con-
nectors is readily apparent. These

include connectors on .100 centers,
dual row .100 centers with a single
plane of .050 tails (Figure 4) and
others,

Figure 4 This 4-Row Connector
Only Has Two Rows of Contact Tails

PROJECTED UTILIZATION

The initial driver to encourage utili-
zation of these developments is indeed
not process cost but the demonstrated
ability of the resulting product to be
failure free. That, coupled with the
need for FPW due to space limitations,
has led us to already include this
technology on two major new program
designs in-house, a remote pilotless
vehicle program, and an advanced air-
borne radar. In addition the technol-
ogies are being incorporated into a new
requirement for an existing large air-
borne radar system, and are replacing a
troublesome process in an electronic
warfare pod.

Projected cost benefits with the usce ol
a fully automated facility could add

significantly to utilization, particu-
larly with commercial extension of this
development. The connectors which have
been used are less than one-eighth the

o




cost of the more sophisticated ones
previously required for Mil-qualifiable
FPW assemblies. The FPW itself will
cost 40 to 50 percent less because

the open windows do not have to be ex-~
pensively created in the fabrication
process. The labor associated with

the automated facility would be less
than 4 man-minutes per assembled con-
nector pair, replacing 3 hours of labor
currently required with the old tech-
niques. When capital equipment and
amortization costs, and maintenance
requirements are added in, the result
is a significant cost reduction, with
greater than 6 to 1 savings in total
costs. Compared to round wire harn-
esses, as much as 35 to 50 percent
additional savings can be realized. It
is quite easy, therefore, to project
increased industry use of FPW and FCC
with the developments of reliable
environmental terminations of this
program.

EXTERNAL MARKET INFORMATION

This program has been carried out for
the U. S. Army as a Manufacturing
Methods and Technology program. One

of the principle guidelines of MM&T
programs hinges on the successful
utilization of the resulting technology
in future equipments, both military

and commercial. The key to this util-
ization is not merely the success of
the development, but how well others
are informed of that success. There-
fore, a major part of this program has
been aimed at the total communication
effort involved. This has included
major industry advisory group pre-
sentations and feedback, an industry
demonstration of the technologies with
widespread dissemination of information,
this program today (which is the funda-
mental industry introduction), and
cooperative efforts with houses which
would develop fully automated facilities
for service to the industry as a whole.

Since Westinghouse is a user, not a

supplier, of the connectors and flex-
ible printed wiring, we have been able
to perform these developments with no

1-6

commercial gain as a goal. Therefore,
the processes are not to be held pro-
prietary to us, and the developments
have been made with a broad base of
product utilization in mind. This

also is significant tcward the ultimate
widespread use of the technologies in
many industries and for many products.

The papers following detail the pro-
cesses and results of the program.
Environmental tests are also being
conducted as this paper is being
written, and the results will be avail-
able for the conference.
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USE OF LASERS IN HIGH SPEED TERMINATION OF
FLEXIBLE PRINTED WIRING

Alexander A. Bosna and Jeffrey D. Emmel

Westinghouse Electric Corporation
Defense and Electronics Systems Center
Baltimore, Maryland

INTRODUCTION

High speed assembly of connectors re-
quires precision alignment, large process
tolerancing, connector design flexibility,
and high reliability, The objective of
high speed assembly is to construct a ba-
sic highly reliable connector at such a
price that scrap or repair is eliminated.
With the use of lasers (C0, at 10,6 um
wave length, for flexible printed wire
preparation, and ND: YAG at 1.06 um wave
length, for connector tab-circuit welding)
all the desired qualities of a high speed
process are met, resulting in low cost

and Tow waste. The longer wave length of
the C0p laser is absorbed by flexible
printed circuitry insulation and reflect-
ed by the copper or tinned conductor mak-
ing it ideal for insulation removal of the
cable through the process of high speed
ablation.

Following the insulation removiel, the
pulsed laser welding and/or reflow solder-
ing show definite advantages over present
soldering and crimping methods. Metallo-
graphic cross section and electrical
tests substantiate the adequacy of the
joints. Liquid injection molding immob-
alize the joints,adding strength and
nandling capability. Speed as well as
simple visual inspection are the key cost
advantage factors. The work reported
here was performed on a manufacturing
methods and technology program sponsorfd
by the U.S. Army, Huntsville, Alabama.

BACKGROUND
The most obvious opportunity for in-

creased military systems use and cost
reduction of flexible printed wiring

-7

(FPW) clearly has been shown to be the
development of reliable, low cost,
automatable terminations. As the con-
nector/FPW systems have evolved, they
have been delayed from effective military
utilization because of several reasons,
one of which is the lack of forgiving
(adequately toleranced), cost effective,
termination techniques. The use of
lasers to prepare and terminate FPW has
provided a viable solution to this
problem,

Current FPW termination techniques are
not cost effective because of the expen-
sive FPW preparation and set-up time,

FPW is currently prepared by one of
several ways: (1) cover costs of insula-
tion are prepunched and aligned where
completely open circuitry is required,
(2) a mechanical drilling/sciving process
can be performed after lamination, (3)

a caustic bath that etches desired areas
can be carefully used, or (4) no prepara-
tion (for insulation piercing techniques).
Current termination methods also are time
consuming and expensive, Some of these
methods are: (1) hand soldering of pre-
tinned circuits, (2) crimp style piérc-
ing of insulation and/or conductor,

(3) pressurized mechanical contact of
specially prepared exposed conductors,
(4) brazing with special alloys, and

(5) electrical welding., Each of these
techniques has drawbacks which tend to
limit utilization.

The use of lasers for FPW preparation
and termination is one method that is
providing reliable, Tow cost, high
speed FPW/connector terminations. In-
sulation ablation (or removal) with a
continuous wave CO, laser is performed




with a minimal amount of circuitry
alignment or handling. This laser

beam provides a non-mechanical method

of removal of insulation. It works

well within a large tolerance of power,
permitting the removal of a variety of
insulation with various patterns, leav-
ing the metalic circuitry uneffected.

A pulsed solid state ND:YAG (Neodymium-
Yttrium Aluminum Garnet) laser is being
used to weld the circuitry to the tabs
of connectors. This termination method
requires only that the circuits be clean
of insulation, undistorted, and held in
intimate contact with the connector tabs
for good welds. The welds are readily
inspectable and highly reliable termina-
tions. The laser output is controllable
and material flow is easily programmed
for flexibility to weld a variety of
connector styles and circuit patterns.
The welded connector is then encapsulated,
for a sealed, strain relieved assembly.

INSULATION REMOVAL W ITH A CO, LASER

The insulation surrounding the circuitry
in the weld area of the flexible printed
cable needs to be removed so an adequate
weld of circuit to connector tab can

take place. A C0, laser beam of coherent
10,6 micrometer wave length energy is
utilized for this process. The laser
beam cuts and removes insulation by the
process of ablation, the rapid melting
and vaporization of the insulation into
its basic constitutents. This process
takes advantage of the phenomenon that the
polymeric insulation and related adhe-
sives absorb the longer wavelength of the
COz laser but the conductors reflect it
at the low energy density levels used in
this process. This ablation mechanism
requires roughly 100 KW/inZ incident at
the surface of the insulation. The
polyimide insulation absorbs the laser
energy and rapidly and locally reaches
ablation temperature breaking down into
its primary chemical constituents. These
vapors can be easily vented away and/or
filtered. An assist gas of oxygen or
shop air is used to accelerate the burn
and keep the vapors from depositing on
the circuitry. The slight bit of

carbonization or vapor deposition that
is present can easily be removed with
a high pressure blast of acetone and/or
a light mechanical brushing operation.
The advantages of laser insulation re-
moval include those listed in Table 1.

TABLE 1

Advantages of Laser Wire Stripping

o Elimination of direct mechanical
contact with cirzuitry.

o Narrow width of mel'ted or vaporized
zone,

0 High temperature insulation easi’y
stripped.

0 Quality control requirements
minimized

o Conductor metallurgy not affected by
laser beam.

The power density required to ablate the
insulation can be easily achieved by
foxusing the spot size of the incident
beam, With the continuous wave operation
of the CO, laser the beam can be direc-
ted rapid%y across the insulation to be
removed making the process fast, relia-
ble, and flexible when coupled with

the capability of programming beam
location and movement.

Material Requirements and Preparation

The CO2 laser insulation ablation pro-

cess requires no special material prep-

aration. This project used the poly-

imide insulation and acrylic adhesive

system which is standard in military

applications. These have higher melt

temperatures and wear characteristics -
than the mylars or epoxies of the com-

mercial industry. Mylars and epoxies

are also polymeric materials and are
expected to act similarly in the CO; .
process., |




Normaliy cleaned surfaces are required A spot size of .033 inches with a useful

of the material to prevent contaminants power of 135 watts was deve1oged giving i
or foreign matter interfering with the a power density of 123 KW/in.< and an %
incident beam. efficient removal of .025 inch diameter

spot., The pulsing of the laser was
The surface of the copper circuitry used married with the table speed to give

in the flexible cable can be tinned, a singlie pulse every .005 inches giv-
treated with an oxide surface, or un- ing sufficient overlap to effectively
treated. The COp beam will reflect off remove the insulation and adhesive on
these metalic surfaces at this low power both oxide and untreated copper surfaces.
density at 105 watts/in.2, The copper The oxided surface tended to absorb more
circuitry surfaces used in this program of the incident energy than the un-

were made with the normal oxide coating treated so an increased pulse rate was

techniques to promote insulation adhesion. needed.

The circuitry pattern used is shown after

stripping and cleaning in Figure 1, An assist gas of shop air, 80 CFM at

35 psig, was found necessary for sever-
al reasons: (1) to accelerate burn of
the ablatior process with reduced car-
bonization, (2) to prevent contamination
of the lenses and related optics, and
(3) to reduce vapor deposition on
stripped circuitry.

Process Evaluation

The process was evaluated by the fol-
lowing criteria: effectiveness of the
insulation removal, cleanliness of the
conductors, straightness of the conduc-
tor leads, and effect on the conductor.
FIGURE 1 Insulation was completely and reliably

removed with the redundant pulses of

the laser beam. The absorbtivity of the
Stpinnin insulation and reflectivity of the cop-
St:;2£;;% Process Parameters and per allowed a wide tolerance of beam
tguipment power, approximately 100 KW to 300 KW
per square inch. Within this power
range, the effect on the grain struc-
ture of a stripped conductor under
200X is nondetectable and the microhard-
ness unaffected.,” The deposits remain-
ing on the flexible circuitry and sur-
rounding insulation are carbonized bi-
products that can be removed with a
pressurized acetone rinse using a back-
up plate to prevent distortion of the
conductors. Because the Taser stripping
and acetone rinse is a nonmechanical
action, the conductors remain undistor-
ted and largely uneffected by the entire
process.

The equipment used in this o, ablation
process should be of the size and type
capable to perform the operation in the
designed period. These process para-
meters were developed with a design time
of two pieces of prepared flexible cir-
cuitry per minute. The equipment used
was_an Coherent Radiation, Fv=rlase
1502, 150 watts (TEM ) raged output
power. An Aerotech 250 two axis
(X/Y) numericaily contro11ed table was
used to move the cable thru the laser
beam. The objective was to establish
the largest beain spot size compatible
with availabie power coupled with the
highest table speed to remove the
insulation in the required time,

v
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Summarizing the Laser Stripping
Requirements

- 1. Equipment capable of accurately
controlling beam energy density (spot
size/energy pulse).

2. Equipment capable of providing
adequate material flow and/or laser
beam movement to provide desired strip
rate.

3. Assist gas jets and venting.

4, Fixturing to provide support of
circuitry during stripping and cleaning
operation.

WELDING OF FLEX LEADS TO CONNECTOR TABS
WITH A ND:YAG LASER

The following factors influence the
weldability of flex circuitry to connec-
tors:

I. Materials and Surface Condition
II. Joint Fit-Up
ITI. Weld Parameters

Materjals and Surface Condition

When the laser strikes a metal surface,
most of it is reflected and depending on
the material and condition of the sur-
face, a certain amount is absorbed to
accomplish melting and vaporization,

In order to obtain uniform results, it
is vital to have a uniform surface with
respect to absorbtivity, particularly

in spot welding. Some materials absorb
the Nd:YAG wavelength 1.06 microns better
than others. Surface condition affects
the absorbtivity and in this case a
slight film of oxide on the surface of
the copper where the insulation has been
removed makes a substantial difference
in the ability to absorb the radiation.
This oxidized surface requires less
energy to initiate melting and produces
more uniform results. A solution called
"Ebanol" will oxidize the copper satis-
factorily. By placing the copper conduc-
tors with a uniform surface condition

on the connector pins, the melting process

is initiated uniformly.
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The surface must also be free of con-
tamination, specifically organiz mater-
jals. When these materials vaporize
during the welding process, their vapors
interfere with laser light and cause
variations in the weld. Brass pins may
cause porosity due to the vaporization
of zinc and the best materials should
be vacuum processed materials. A cop-
per nickel alloy CA 725 is reported to
have good weldability.5

Joint Fit-Up

With a lap joint fit-up it is most im-
portant to have intimate contact at the
interface. As a bench mark, it is in-
tended that an area of at least three
times the area of the spot size be in
firm contact. This is important because
the heat for melting is accomplished by
conduction. Area and contact condition
influence the energy transfer and lack
of good fit-up will cause melt back of
the copper conductor with the lack of
fusion to the connector pin.

The parts themselves should not have any
tendency to move during welding. This
is determined mainly by the fixturing
and original position of the parts.

Line contact (such as shown in Figure

2) is preferred for maintaining parts

in intimate thermal contact.

Precision fixturing that applies uniform
pressure over the width of at Teast
three inches is one of the prime require-

ments.
-, LASER
HEAD

7‘\

FIXTURE

S

CONNECTOR

FIGURE 2 - Weld Fixturing




Weld Parameters Process and Equipment

The parameters were developed using a
400 watt Nd:YAG pulsing laser, and ap-
plies specifically to a specially oxi-
dized surface of 2 oz copper conductor
approximately .020 wide terminating to
flat or rerlangular connector pins.

The weld parameters should have suf-
ficient Tatitude to accommodate manufac-
turing and material tolerances. Excess
speeds will spread the energy pulse with
incomplete and erratic results,

At 10 inches per minute and at a pulse
rate of 15 pulses/sec. and with a pulse
width of milliseconds, each conductor
receives approximately 2 pulses. This
is welding on the fly and with the ac-
curacy available in NC equipment, these
pulses can be located precisely on each
conductor to give uniform results.

Good inert gas shielding will also tend
to produce more uniform welding results
and stabilizes the plume effects.

The most important weld parameter is the
energy density. Although the optical
focus and laser focus are essentially
the same, it is important from a repro-
ducibility standpoint to install a dial
indicator to set and maintain uniform
focal length. In production this does
not normally change, but it is important
not only for initial set-ups, but to
duplicate the same spot size when chang-
ing jobs. It is particularly useful as
a reference in performing development
work.

Inspectability of the Welds

One of the main reasons for developing
the laser welding process is the fact
that visual inspection can be considered
practically 100% reliable. Figure 3
shows typical weld beads. A melt back
or burn through is readily detectable
and time to evaluate a questionable
joint need not be taken. Depending

on the size of the conductor, if at
Teast 50% of the crossection is fused,

it should bg a functional and an accep-
table part.

FIGURE 3 - Laser Welded FPW

Welding "on the fly" will not require
sophisticated controls to coordinate
table movement with the firing sequence
and permits a less expensive system.

Another important criteria set which is
closely related to energy density is
that relating to distribution of energy
in the spot, the wave shape, and pulse
duration. Our experience has shown that
a scope can be used to analyze the shape
and pulse width., During each production
run set-up, the operator can turn up the
power until the wave pattern matches a
preset outline on the scope. This will
compensate for degradation of the lamps
and alert the operator to any deviations
in the power supply.

Summarizing the Welding Requirements

1. Equipment capable of accurately con-
trolling energy density (spot size and
energy/pulse).

2. A clean surface with uniform absorb-
tivity.

3. Close intimate contact of parts at
the area to be welded.

4. Weld parameters with adequate lati-
tude for manufacturing tolerances,
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HIGH SPEED LIQUID INJECTION

MOLDING OF CONNECTORS

Richard S. Zucker

Westinghouse Electric Corporation
Baltimore, Maryland

This presentation deals with a major
industry and defense reqguirement to
achieve cost effective production rates
in the manufacture of molded connectors.
This is especially important with con-
nectors integrated with flexible printed
wiring (FPW). Present molded connectors
are inadequate due to poor adhesion to
connector components and FPW, poor
flexibility as well as long processing
times.,

The selection of connector molding mater-
ials is based upon adhesion to the connec-
tor components and FPW, flexibility,
hardness, cure rate and military environ-
mental requirements,

Figure 1
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A comparison of connector molding
materials is shown in Table 1. The Table
includes polyurethanes, silicones, poly-
sulfides, and epoxies evaluated to the
selection criteria. Adhesion studies
were made of the various molding materi-
als to typical connector bodies such as
glass~filled polyester & diallylphthalate
molding materials. Both plain and
acrylic overcoated polyimide films were
studied as well as different types of
contact materials such as gold plated
beryllium copper and nickel plated brass.

Figures 1 and 2 show molded connectors
being used to evaluate various molding
materials for adhesion and flexibility.

M Mosenal

Figure 2




Table 1

Comparison of Potential Molding Materials

Material Adhesion | Flexibility| Hardness | Cure Environmental

Conditions Comments
Polyurethane Good Good D50 16HI25C + Components are Moisture Sensitive
NL System 88 4H/80C

—1 o

Polyurethane Good Good D70 16H/25C + Moisture Sensitive, Passes 5 Cycles
NL System 90 4H/80C - 65C, +125C
Polyurethane Poor Good D70 24H/23C Battie Polymer-Poor Release From
REN RP-6405 Mold
Polyurethane Excellent | Excellent | A45 3H;82E + Contains MOCA-Carcinogen
PRC PR-1524 2M/82C Excelient Moisture Resistance
Polyurethane Good Excellent | D55 3MI49C + Structural Operating Range — 23C to 93C
Rimthane CPR2152 | (Frimed) 2H/121C Good Moisture Resistance-Polyether Based
Polyurethane Poor Excellent | D55 Thermoplastic | Excellent Electrical Properties
Peliethane 2103-55D Elastomer Excellent Hydrolytic Stability-Polyether Based
Polysulfide Good Excellent | A45 72H/23C Passes Thermal Shock
PRC 1201 (Primed) N
Silicone Poor Excellent | AS5S0 24H/25C or Passes Thermal Shock
DCRTVJ (Primed) 30M/65C or

5M/149C
Silicone Fair Poor D45 30S/150C Mil-S-8516
DC 308 (Hot) ~ 65C. + 175C Operating Range
Epoxy/Amine Fair Fair 070 24H/23C or Poor Moisture Resistance
3M 2216 (A93) 2H/65C or Fails 5 Cycles, — 65C, + 125C

1H/100C
Epoxy/Anhydride Excellent ; Good D80 5M/150C Passes 5 Cycles, ~ 65C. + 125C
RZ-39 (A96)

t-14
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The material selccied for high speed li-
cuil .njection molding of connectors

is a hydantoin epoxy. This material

meets all the adhesion, flexibility, hard-
ness, rapid cure and environmental require-
ments, The formulation and processing
conditions for the preferred liquid in-
jection molding compound are shown in Fig-
ure 3.

Preferred Liquid Injection Molding Compound

(RZ-39)
Dimethyl Hydanto:n Epoxy Resin, CIBA
XB-2860 Y 70(EEW 155
Polycarboxylic Acid Anhydride Hardener 157 (EEW 243 Figure 4
CIBA HY-920 ’ ‘ !
t includes liquid injection moldin
Neopgntyl Glycof Diglycidyl Ether, Reactive 30 I : ! 4 J : ]
Moditier. Viscosity Diluent, CIBA XU-193 equipment, not only the cartridge stor-
e the stati ixe 8 stage the
\ N[BU‘Y'~T—Am|ne Phenate Salt Accelerator. 1 a.g . bUt. e static mixer (. age),
[ CiBA DY-069 injection system (pneumatic) and the
k Boron Trichlonde Amine Complex Curing 5 clamping press for holding the mold
: Agent/Accelerator. CIBA XU213 closed (heated and water cooled). To-
Specific Gravity 093 gether this system with a 51ngl§ cavity
mold can produce a molded part in a
Glass Transition Temperature. Tg " 10 minute cycle: 3 minutes heating plus
Cure Conditions 5 Minutes at 5 minutes curing and 2 minutes cooling.
150C (302F)
Opticial Postcure 1 Hour at A typical liquid injection mold fixture i
150C (302F) ready for molding is shown in Figure 5. !
. Y % SR A

it

re

Figure 3

The formulation consists of a standard
hydantoin epoxy resin modified with a
diglycidyl ether and cured with a
flexible anhydride hardener in the pre-
sence of two amine catalysts., This com-
position produces a flexible epoxy with
a glass transition temperature of 8°¢
after a cure of only 5 minutes @ 150 C.
The hydantoin formulation can be broken
down into two components of ratio of 1
to 1.8 by volume which allows for easy
packaging in coaxial cartridges for
dispersing as pait of the mixing system.
This system is shown in Figure 4.

Figure 5




This mold is made of steel and may be
hardened when all the injection para-
meters are established., Typical values
are: injection pressure 20-40 psi @

room temperature, injection port - 0,19
inch diameter; fan gate - 0.006 inch
per side of mold; vent gate - 0.002 inch
per side of mold; sealing material -
silicone rubber shore A50 or foamed
silicone rubber shore A2C.

A close up of the mold during the 5
minute press cycle is shown in Figure 6.

Figure 6

The injection nozzle which has an in-
ternal diameter of 0.13 inch is made of
Teflon in order to reduce conduction of
heat from the mold during the curing
cycle and to prevent gelation of the
liquid in the nozzle. At the end of the
molding cycle the nozzle is withdrawn
simultaneously with removal of pressure
on the liquid. 1In practice the nozzle
does not clog between cyzles and does
not need cleaning. With automatic
positioning the cycle could be reduced
from 10 minutes to 5 minutes: 1 minute
heating plus 3 minutes curing and 1 min-
ute cooling, unloading and reloading.
Further acceleration of the formulation

may be required as well as automatic ejec-

tion equipment in order to prevent dis-
tortion of the parts while still hot.
If the connector bodies are made of

thermoset plastic as compared to the
thermoplastic materials such as glass-
filled polyester or polyphenylene sul-
fide the molding temperature may be in-
creased from 150°C to 200°C and the
curing cycle may be further shortened
to as little as one minute.

ALTERNATE MOLDING METHODS

There are two other molding methods

which may be of interest in certain
applications where speed may be of great-
er importance than the overall quality of
the molded part. They are thermoplastic
injection molding where a fully reacted
plastic material is injected into the
mold in a typical 1 minute cycle and

RIM (reaction injection melding) which
may be defined as an ultra-high speed
chemical reaction molding requiring
exceptionally fast mixing of the compon-
ents in order to cure in as little as 20
seconds, A typical small size thermo-
plastic injection molding eguipment is
shown in Fiqure 7.

Thermoplastic Injection .
Molding Equipment




This has a capacity of about 1 ounce of

a thermoplastic material on a typical 1=-2
minute molding cycle. The main disadvan-
tage of this type of molding is the lack
of adhesion of the thermoplastic mater-
ial to most materials which might be used
in connectors.

The RIM method of molding is usually only
considered for large parts of up to 20
pounds or more. The main disadvantage

of the RIM method of molding is the high
cost of the equipment and the high mold
cost. Part of the high cost of the equip-
ment comes from the need for high speed
mixing equipment in order to mix the re~-
quired quantity of chemicals together
thoroughly before chemical reaction be-
gins to harden the material. There are
two types of high speed mixers -~ one is a
high speed rotating mixing head which
rotates at speeds as high as 10,000 RPM
and the other is a high pressure direct Figure 9
impingement of the metered chemicals into

the mold chamber at pressure as high as

3000 psi. This type of equipment may re-

quire a purging system to keep the mixing 2%

head from clogging up between shots. A ¢ ‘
typical RIM installation is shown in
Figures 8, 9, and 10,

Figure 10

Figure 8




This equipment is capable of molding an Figure 17 shows the most successful
automobile dashboard in one piece in a 3 pin sealing compound with the minimum
minute cycle. The usual material used penetration into the pin area.

for RIM is a two component polyurethane
system consisting of an isocyanate and
polyol, Other RIM systems such as vinyl
or epoxy are not in widespread use yet.

CONNECTOR PIN SEALING

Certain types of connectors require pin
sealing in order to prevent the liquid
molding compound from running through

the pins and plugging up the connector
during the molding operation. An example
of such a connector is the box pin connec-
tor. This connector is shown in Figure

11 with two typical pin sealing materials
of a filled epoxy resin type which re-
quires high temperature curing.

Figure 12

Figure 11

Unfortunately, one of the disadvantages
of this type of material is the difficul-
ty of applying it uniformly and the
connectors usually end up leaking in
spite of every effort to provide a
complete seal. In contrast to the highly
filled cpoxy resins shown in Figure 11,
several other filled cpoxy resins were
tried and the results of the cross sec~ Figure 13
tions are shown in Figures 12 - 17 which

shows the depth of penetration of the

scaling compound into the box pins.




Pin Sealing Compound (RZ-41)

Ethyl Amy| Hydantoin Epoxy Resin, CIBA 100 P!
XU-229 oW
Long Chain Aliphatic Amine Adduct Hardener. 42
CIBA HY.837
Fumed Silicon Dioxide. CAB-O-SIL PTG 14
Specitic Grawvity 118
Glass Transition Temperature. Tg 53“C
Cure Conditions 1 Hour at 75C
(167F)
Alternate Cure Cnditions 7 Days at 25C
(77F) ‘
Figure 14 Figure 17

The formulation for the preferred pin
sealing compound is shown in Figure 14,
This formula consists of a flexible

epoxy resin, and a flexible amine
hardener which is thickened by a special
thixotropic filler which allows the for-
mula to be readily dispensed through a
standard #18 gauge needle in a syringe
under nominal pressure and then set-up

to a stiff paste upon resting to prevent
flow of the compound into the pin area.
The degree of.thixotropy required to
control pin penetration and yet allow
sufficient flow during dispensing to com-
pletely seal around the pin is determined
through experiment and may have to be ad-
justed for different types of connectors.
The particular grade of fumed silicon
dioxide is recommended for its ease of
dispersing by means of hand stirring. It
should be noted that the formulation re-
quires only a low temperature cure in
contrast to the high temperature required
on other materials investigated, as shown
in Figures 11, 12 and 13,

Figure 15

An alternate method for pin sealing is
the use of an ultraviolet light of high
intensity for rapid photopolymerization
of plastic materials at the time of in-
jection into the pin area. 1If the
application and curing is not done

Figure 16 rapidly the heat from the lamp will




thin the material and it will run into
the pins and ruin the connector, A
typical UV curing station for pin sealing
is shown in Figure 18,

Figure 18

This consists of a 1000 watt high in-
tensity mercury lamp which is placed

1.5 inches from the connector for 5
seconds in order to cure an adhesive
around the pins of the connector., It
should be noted, however, that even in
this short a time, the heat generated from
the lamp is sufficient to soften a thermo-
plastic connector body such as glass-
filled polyester. Other higher softening
temperature thermoplastics or thermoset
materials would be satisfactory, however,
for use with this pin sealing method.

The use of acrylic ester adhesive for pin
sealing is a viable method and produces a
fully thermoset plastic material which is
compatible with the hydantoin liquid in-
jection molding material and will not
soften at the molding cure temperature of
150°c. This material will cure hard with
no tackiness in 5 seconds with the 1000
watt lamp shown in Figure 18 at a distance

of 1.5 inches from the surface of the lamp.

A rapid reliable molding method for FPW
connectors has been developed. The

method uses a hydantoin epoxy resin to
provide adhesion, flexibility, and
adaptability to automated techniques.
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Design vi an Autumated Termination Process
for Flexible Printed Wiring

by
Richard L. Hall

Westinghouse Electric Corporation
Aerospace Divis.on, Baltimore, MD

INTa0L.STION: shift., This paper deals with
the specific design requirements
This paper describes an for automated part handling and
automated process for the pro- positioning to accomplish reli-
duction of integral molded con- able, low cost flexible wiring
nector terminations on flexible termination and encapsulation.
printed wiring. The design was
undertaken as part of a In order to describe the
Manufacturing Methods and design requirements for the
Technology contract with the automated facility, this paper
U.S. Army Missile Command, has been divided into four
Redstone Arsenal, Alabama. topical sections. These
sections deal with: the design
The process features the strategy; the physical
application of industrial laser configquration; the tool motions,
techniques to the requirements or kinematics; and the method of
of flexible wiring cover coat ‘tool control. First, however,
stripping and to the welding of is presented an overview of the
the copper foil circuit leads to Flexicon system process flow.
the connector pins. Also, the
utilization of fast-cure liquid THE PROCESS FLOW
resin injection molding (L.I.M.)
permits inclusion of connector The automated Flexicon pro-
to flex circuit encapsulation as cess has three basic steps,
part of the in-line process. laser stripping of the flexible
printed wiring (FPW), laser
The automated process is welding termination of FPW leads
designed to handle planar two to connector, and assembly
row cornectors on .050" centers encapsulation. The straightline
at a production rate of 500 flow is charted in Figure 1.
connector assemblies per 8 hour Under controlled conditions, a
Flex
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pulsed CO0, laser is used to
ablate the insulating material
surrounding the copper leads in
the area which is subsequently
to be terminated to the
connector, The focused light
enerqgy of 10.6 micron wavelength
discriminates between the
copper, which is highly
reflective to this wavelength,
and the plastic covering layers
and the adhesive layers which
readily absorb the energy. At
the energy density levels used,
this causes virtually instan-
taneous heating of the plastic
materials to their vaporization
temperature while leaving the
copper undisturbed. A simple
cleaning process involving
hbristle brush stroking and
solvent wash of the exposed
copper dislodges any particulate
char which may remain.

A Neodymium - YAG pulsed
laser is used to weld the copper
FPW leads, which have been
positioned and clamped, to the
pin tails of the connector. The
focused light energy of 1,06
micron wavelength is readily
absorbed, in this case, by the
copper leads. Absorption of the
focused light energy rapidly
raises the temperature of the
metals to cause a fusion weld to
re formed.

Automatic electrical test is
performed on each weld termin-
ation to verify acceptable con-
ductivity. Automatic inspection
is an optional feature which may
be implemented by several
me thods. For instance, use of
the specular signature of an
acceptable weld nugget could be
used as criterion in an electro-
optical system.

Encapsulation, which pro-
vides the necessary electrical
isolation between adjacent leads
and strain relief transition

from connector to unsupported
FPW is the last process step. A
quick-cure liquid resin system
is utilized which makes it pos~
sible to automatically load the
mold and encapsulate the Flex-
icon assemblies in line with the
preceeding process steps, This
avoids any manual handling of
the relatively fragile assem-
blies before molding.

SYSTEM DESIGN STRATEGY

The primary feature of the
Flexicon Automated System is the
application of programmable
control to all aspects of the
system, This minimizes the need
for hardware type tooling dedi-
cated to a specific Flexicon
assembly. By utilizing
programmable control, many
aspects of machine and process
parameters are removed from
hardware definition and are
brought under software
definition. While absolute
fidelity to the program is
maintained during the machine
cycle, an infinite number of
programs can be generated and
rapidly changed to deal with
assembly style changes or pro-
cess variables. Accordingly,
the geometrical character of the
connector and flexible circuit
(ie., pitch and number of con-
nector leads to be welded) are
controlled by software and are
easily changed or modified by
software with minor hardware
modifications required. Also,
with the specialized arrangement
of the tooling used, program-
mable control eliminates the
need for many of the complex
mechanisms characteristic of
automated machinery.

The application of program-
mable control to the Flexicon
system falls into three
categories:




1. Control of Processes
o Laser Welding
o Laser Stripping
o Encapsulation
2., Control of Position
o Index Entrained
Connectors
o Translate Flex
Circuit past COj
Laser Beam
o Translate Assembly
past YAG Laser Beam
o Load Welded Assembly
into Encapsulation
Mold
3. Control of System Timing
o Coordinate System
Events in Series and
Parallel
Control of critical pro-
cesses is a desirable appli-
cation of programmable control
since precise, repeatable, con-
trol of critical operations is
achieved. In this system, for
instance, we utilize software to
precisely coordinate the firing
of the laser for welding with
the position of the target.
This is done by electronically
counting position command pulses
to the positioning table, which
is translating the FPW/connector
assembly in the laser focal
plane, and timing the laser
firing command to the position
count which corresponds to a FPW
lead connector in proper weld
position, With this type
control the welding of connector
to FPW lead can be done quite
rapidly, in fact, limited only
by the capacity of the laser to
recharge the firing circuit
between pulses.

As another example of con-
trol, a characteristic of a
pulsed welding laser is the
necessity to start the firing
pulses in advance of the first
weld in order to thermally stab-
ilize the lasing system and
establish uniform energy density
at the target. One way to

achieve this is to start the
train of laser pulses in advance
of the first target and dis-
sipate the energy into the sys-
tem's closed shutter. The shut-
ter is then timed to open just
before the first weld target is
in position.

Similarly, the laser strip-
ping process is controlled by
software; cover gas, vacuum,
laser pulsing, and laser shutter
control are also rigidly con-
trolled by the software pro-
gram. The injection molding
process parameters (e.qg. time
and temperature) are precisely
controlled by the program. They
can be changed to new parameters
by a change in the program,

In the second category,
programmed control of position
is accomplished by mounting the
parts of the system hardware
which support the Flexicon
assemblies on two compounded,
servo controlled, machine type
linear slides. In-process Flex-

‘icon assemblies can thereby be

moved in a horizontal plane
relative to the fixed positions
of the two lasers, the molding
press and the FPW and connector
inputs. The FPW is translated
in the focal plane of the COy
stripping laser and also the
Neodymium - YAG welding laser by
software control of the posi-
tioning tables with no other
mechanical assist required.

At any time in the operation
of the system, there are up to
seven Flexicon assemblies in
process. By means which will be
covered in the next section, the
Flexicon assembly can readily be
indexed from one process station
to the next by a programmed
table motion controlled by the
software.

System timing is the third




category where programmable
control is applied. Event
timing is an essential element
in this automated system. 1In
the section on kinematics in
this report, it is shown how the
many process events and motion
routines are orchestrated by the
software program. Extensive use
has been made of programmed cues
ported to external control hard-
ware to initiate program sub-
routines such as manipulation of
the FPW from input through laser
stripping and subsequent
transfer to the laser welding
operation,

A secondary feature of the
automated system design is the
integration of all three primary
processes steps, strip, weld,
and encapsulate into one func-
tional unit. Mechanical toler-
ances on the relative positions
of the various elements of hard-
ware are established and main-
tained very closely. The
clements of hardware are mech-
anically linked to a common
base. The dimensional precision
and inertial stability required
for the laser processes are
assured by using a granite sur-
face plate as the system foun-
dation,

SYSTEM CONFIGURATION

The components of the sys-
tems are arranged to provide
inline processing through all
steps that end with a finishegd,
tested Flexicon assembly. A
perspective view of the Flexicon
Automated System is presented in
Figure 2. The system has, as
its central feature, tooling
mounted on a computer numerical
controlled (C.N.C.) linear slide
table which provides x-y motion
in the horizontal plane.
Programmable control of the
position of the tooling relative
to the fixed positions of the
two lasers and the mold press

Fiqure 2

allow system design to be
simplified.

As depicted in Figure 3, the
x-y positioning slides are
mounted centrally on a granite
surface plate. Tooling to sup-
port and reference the connector
and FPW assembly through the
welding, test and inspection
process is mounted on the
positioning tables, (1 in
Figure 3).

In the righthand foreground
of the illustration, the facil-
ity for CO; laser stripping
and cleaning is positioned, (2
in Figure 3). Note that this
laser, as well as the YAG laser
for welding, is referenced to
the granite base. Localized
laser energy shielding is not
shown, for clarity of illustra-
tion,

On each side of the strip-
ping facility containers are
located for presenting stacked,
preoriented, FPW to the systenm,
(3 in Figure 3). At the oppo-
site end of the granite base is
located the molding press. It
is oriented horizontally, (4 in
Figure 3).

The structure with the
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radial arms which is mounted on
the positioning table in the
foreground (5 in Figure 3), has
two functions, The radial arms
can be rotated in the horizontal
plane. The longer arm is equip-
ped with a doublefaced vacuum
platen which is used to acquire
a FPW from the preoriented
stacks and manipulate the FPW
through the laser stripping and
cleaning process. The shorter
arm is used to acquire a con-
nector from the connector input
station and transfer it to the
vertical rail. The prominent
tooling feature on the position-
ing table is the rail structure
(6 in Figure 3), which supports
the assembly in a vertical
orientation with the pin rows

straddling the top edge of the
rail. The rail permits symmet-
rical access to each side of the
connector pin rows and, also,
provides vertical clearance for
the trailing FPW.

On the positioning table are
two small linear slides, posi-
tioned on each side of the rail
(7 in Figure 3). Each slide
supports a vertical vacuum
platen with a comb-like feature
at the upper edge, (8 in
Figure 3). The comb tines
interdigitate with the stripped
FPW conductors to provide mech-
anical registration of the FPW
with the system. The slides can
also be rotated 90 degrees in
the horizontal plane to align
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the slide's vector between,
alternately, the radial arm for
FPW transfer to the slide, and
the weld position at the rail.
Welding takes place as the con-
nector and registered FPW are
transported in the focal plane
of the horizontally oriented YAG
laser beam, (9 in Figure 3).
Welding is done sequentially,
first on one side of the con-
nector and then on the opposite
side. Probing and inspection
stations are also located on the
positioning table downstream
from the weld station, (10 in
Figure 3). This permits con-
current test and inspection of
previously welded assemblies.

The overhang of the rail
beyond the positioning tables
provides temporary work-in-
process storage space for
queueing acceptable assemblies
and then, when the queue is
full, moving the table to posi-
tion the assemblies
in between the mold halves.

SYSTEM KINEMATICS

This section will describe
in detail the many events that
occur in the automated produc-
tion of a Flexicon assembly.
Referring to Figure 4, the
overall sequence of events can
be seen. First to be noted, is

Load Mold
i, 2 & 3
Inject Xesin & Cure
P 1
Conp. #° Open Mold &
Lject Parts
Index
— :
4
Strip Aeld #; E
- P/U Conn, #8
Test b —_—
Inspect #5 Index
|
Ay Y
guede B0 Strip/Weld #8
o Tpiu e
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Queue #5 .
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P Load Mold
lest #8 .58 6
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that the system cycle spans the
time required to produce three
Flexicon assemblies. Because
the encapsulation curing cycle
requires a longer time than the
other Flexicon assembly cycle
times, it is necessary to queue
the welded assemblies until
three at one time can be
inserted into the matching three
cavity mold. Also note, the
electrical test and electro-
optical inspection take place
concurrently with the FPW
stripping and welding. This is
made possible by having the
hardware for these functions
mounted on the positioning
tables.

The first event in the auto-
matic process occurs when the
vacuum pick-up platen on the
radial arm is brought into con-
tact with the preoriented stack
of FPW located in the fore-
ground. The table backs away
from the stack with the FPW held
to the radial arm by pressure
differential. This event is
illustrated in Figure 3 which
was cited earlier in this
paper. The radial arm then
rotates counter-clockwise 90
degrees in the horizontal plane
and commences a series of back
and forth passes in the CO,
laser beam. This causes the
cover coat to be ablated expo-
sing the copper circuits. This
action is illustrated in
Figure 5. The stripped circuit
is then mechanically cleaned and
washed by advancing the circuit
into the brushes positioned in
line with the laser focal plane.

The table then moves to
withdraw the radial arm and FPW
from the stripping station. The
arm then rotates counter-
clockwise an additional 90
degrees. At this point the
slide mounted comb is caused to
rotate 90 degrees clockwise in

rigure S
the horizontal plane and advance
the comb on the end of the slide

to engage the FPW. This is
illustrated in Figure 6.

Control of the FPW is transfer-
red to the comb by inhibiting
vacuum on the stripping platen
and enabling vacuum on the face
of the comb., The slide then
retracts with the FPW attached,
rotates 90° clockwise to

return to its start position.
The slide advances toward the
rail and engages the previously
positioned connector, aligning
and clamping the FPW leads to
the connector pins. This is
illustrated in Figure 7. The
table then moves the assembly

Figure 6




Figure 7

into the focal plane of the YAG
laser and commences the spot
welding routine. At the comple-
tion of the weld cycle the
vacuum is inhibited and the
slide retracted to start posi-
tion leaving the FPW behind.
This stripping and welding
sequence is repeated again,
mirror image, for the second
side of the connector.

in

During the period when
stripping and welding are taking
place, previously welded assem-
blies are being tested and
inspected automatically. The
slide mounted probes are caused
to advance and contact in the
weld area to electronically
verify continuity and acceptable
conductivity of the weld joint.
Cameras for the (optional)
optical inspection are posi-
tioned next in line on the table.

At this point in the process
the table moves to bring the
shorter radial arm in line with
the connector input station
rositioned next to the COj3
laser housing. Through an
escapement mechanism, one con-
rector is pushed onto the arm.

The arm rotates 90 degrees
counterclockwise to align with
the rail.
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Wwith the new connector in
this position the indexing cycle
starts. The entrained con-
nectors are each simultaneously
moved to the next station on the
supporting rail. This includes
moving the connector on the arm
to the first position on the
rail. Indexing is accomplished
by the rod with radial spokes
supported by the YAG laser
column, as illustrated in
Figure 8. This rod, on command,

Figure 8

is rotated 180 degrees about
its major axis which brings the
radial spokes into position
between the connectors. The
table is then caused to move
from left to right, whereupon
the connectors, initially moving
with the rail, each encounter a
spoke on the rod. The spoke
acts as a stop to the con-
nectors, holding each stationary
while the rail continues to move
until the next station on the
rail is precisely registed with
the next assembly. The rod is
then rotated back to its start
position and the table, with
Flexicon assemblies advanced to
their next stations on the rail,
moves back to start position.

The next step depends on the
status of the Flexicon assembly
to

gueue waiting for transfer




the molding press at the far end Design Strategy, the Flexicon

of the rail. If the queue is System is designed for program-

not full, that is, there are not mable automation in which hard-

yet three Flexicon assemblies in ware tooling is minimized and

the queue, then the sequence the advantages of control by

beginning with FPW stripping software are exploited. A

will occur again. 1If, however, microprocessor based C.N.C.

the queue is full, then the system is used for the following

contents of the queue will be functions:

transferred to the mold

cavities. 1In this event, the o Positioning commands for
! table moves from right to left the two axis posi-

to bring the Flexicon assemblies tioning table

in the mold queue into the space o Firing commands for both

between the mold halves. This lasers timed by the

is illustrated in Figure 9. The position of the FPW and

mold then closes partially, Flexicon assembly

nesting the connector bodies in o Control of all other

system events through
external porting of
program commands to
interfacing hardware.

All system events which are
of a routine nature are control-
led by programmed sub-routines.

. They are cued through external

AN ports of the microprocessor
control. Some of the subrou-
tines which are sequential in
character are:

MOLD LOAD T

o Indexing

o Connector pick up and
Figure 9 transfer to rail

o Flex pick-up and radial
the mold cavities. The rail is arm motion .
then withdrawn, leaving the o Flex tran;fer from radial
assemblies in the mold. The arm to slide

Flex Cleaning Cycle
Load Mold Cycle

mold then closes completely and
the molding cycle commences.
When the cure is complete, the Laser Cover Gas control
mold opens and completed Flex- Resin injection and cure
icon assemblies are ejected. cycle

Continuity Test sequence
Inspection Sequence
(Optional)

O 00O

[¢Je]

SYSTEM CONTROL

As stated in the section on
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CONCLUSION

The application of micropro-
cessor control to the design of
the automated Flexicon assembly
system makes possible control of
the position of the workpiece
through all process steps, con-
trol of the process variables
and coordination of all system
events. In addition, the use of
a microprocessor allows changes
in process variables and, with
some limitations, Flexicon style
changes to be accomodated by
incorporating appropriate soft-
ware changes to the program.

The complexity of the auto-
mation type tooling required for
this system has been greatly
simplified by the microprocessor
control. The precision motions
required for guiding the FPW and
assembly through stripping,
welding, test/inspection, and
mold loading are derived from
the capability of the micropro-
cessor to control the position
of the x-y table and not from
mechanical mechanisms intrinsic
to the hardware itself.
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APPENDIX J

LASER WELDING PROGRAM FOR SEMI-AUTOMATED FLEXICON DEMONSTRATION




APPENDIX J
COMPUTER PROGRAM FOR LASER WELDING
FLEXICON ASSEMBLIES ON
SEMI-AUTOMATIC EQUIPMENT

Te Aerotech Smart I computer numeric control system governs position and
traverse speed of the X-Y table, and firing of the Raytheon SS-500 laser. Laser
pulse energy is the only weld parameter not controlled bv Smart I. The Aerotech
X-Y table has an incremental resolution of 10 micrometers per step and a table
range of 24 inches x 12 inches in the X and Y directions respectively.

Listed below is the position and laser fire program used to weld flex cir-
cuitry to an Amp male connector. Brief explanations accompany important steps

of the program. With Smart I in automatic mode, pressing START initiates

execution of the laser welding process.




1)

2)

3)

4)
5)
6)
7)
8)
9)
10)

1)

12)

13)

14)

Flexicon Position and
Laser Fire Progqram

G7 G5 G10 E

Go to home, Establish zero reference position, Reset LFD read outs and servo
drives, End of bhlock

M11 M12 M13 M26 E

Disable laser fire, Inhibit Y count, Inhibit X count, Laser shutter closed,
End of block

G4 D1000 G1 G90 X20254 Y500 F800 E |
Dwell 1 Sec. (G4 D1000), Linear interpolation, Absolute position mode, .
Travel in X direction to 20254, Travel in Y direction to 500, Feedrate of
80 inches/minute, End of block

Y7269 F250 E

Y500 F800 E

X4553 E

Y5886 E

X8664 E

Y4966 E

X20005 F

N-100 E

Go to laser fire subroutine N100

M1 E

Prgrammed stop. Press "ENTER" to continue.

G90 Y4966 F800 E

Return to Absolute position mode.

X9472 E

J=2
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15) Y5886 E
16) X4553 E
17) Y4966 F
18) X8363 E
19) Y25222 E

20) X36848 E

At far side of sail. Ready to duplicate near side moves.

21) YS00 E
22) X41039 F
23) Y5886 E
24) X36928 E
25) Y4966 E
26) X25701 E
27) N-100 E
Go to laser fire subroutine.
28) GY0 Y4966 F800
Return to absolute position mode.
29) X36369 E
30) Y5886 E
31) X41039 E
32) Y500 E
33) X36848 E
34) Y25222 E
35) X8363 E
36) YS00 E
37) X20254 F

38) Y12565 F250 E

J-3




39)
40)

41)

42)

43)

44)

45)

46)

47)

48)

U 1, W

Y500 E F800F

X00 YOO F

Return to home mosition. Press "START" to reexecute program.
M2 E

Physical end of main program.

N100 M14 M24 E

Subroutine block number, M14 M24 command combination actuates a flip-flop
required by Raytheon Laser to enable laser fire.

N910128 N910200 M21 M22 Mi6 E

N9101 C D and N9102 A B are the Aerotech commands to establilsh length
between laser pulse fire. ABCD represents the thousand, hundred, ten, and
one column of the position number respectively., Fnable laser fire channel
one (M21), Count Y step increments. (M22) Laser pulses on any miltiple of
ABCl., Open laser shutter (M16), Fnd of block

G4 D10 GO91 Y6504 F200 FE

Dwell for one hundredth of a second to allow time for shutter to open.

(G4 D10), Incremental program mode, Total Y travel during laser fire.
Laser fires only when multiples of ABCD are reached during the total Y
travel.

M11 M12 M26 E

Disable laser fire channel one, Inhibit Y count, Close laser shutter.

M14 M24 E

Second time Raytheon flip-flop command is encountered. Laser fire is
disabled.

M99 E
Return to main program.

M30 E

End of program
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Note: HNumbered arrows correspond to numbered commands of Flexicon Position
and Laser Fire Program.

Comb
3 Assembly

Initial connector
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Home position —p
X of Laser head € —ft-w J_

Operational Sequence of X-Y Table
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APPENDEX K

IMPLEMENTATION, THE KEY TO

SUCCESS IN MANUFACTURING TECHNOLOGY

by

James A. Henderson
Westinghouse Electric Corporation
Defense and Electronic Systems Center
Baltimore, Maryland

ABSTRACT

5 Through a program sponsored by the U. S. Army Missile Command, Red-
stone Arsenal, Alabama,1 a significant advance in technology and automa-
tion has been accomplished. The technology improvements involve the use
of a COy laser for insulation removal, a Nd: YAG laser for welding, and
high speed liquid injection molding with hydantoin epoxies. The resulting
termination of flexible printed wiring and flat conductor cable to con-
nectors is fully automatable and will meet the military airborne environ-
mental needs. Indeed, the cost reduction is so significant that it is
attractive to the commercial as well as military community. Even so, the
key to successful implementation and a successful return on investment is
timely introduction to industrv and a well coordinated implementation
plan. This presentation brieflv describes the technology advancements and

., the design of the fullv automated facility. It then focuses on the im-
plementation plan, its overall coordination, and its early results.

PROGRAM NEED

Manufacturing Methods and Technology programs have been established by
DoD agencies as a vehicle for improving productivity when R and D has
demonstrated feasibility but some funding is necessary to provide a final
process set which will benefit many programs. The key to return on invest-
ment, therefore, is implementation.

Flexible Printed Wiring (FPW) and Flat Conductor Cable (FCC) are
technologies which have been in use for many years. The cable shown in
Figure 1 was installed over ten years ago. Its planar shape and low pro-
file enable its use in such assemblies with very little loss of volume.
But the practi~es of individually soldered leads and special molding (for
moisture protection) are still commonly found today. Other more rapid
techniques, such as crimping through insulation and gang soldering have

. been used on recent projects with mixed results. The reliability and
repeatability of these approaches have been very challenging to maintain.

Yet, FPW has significant possible advantages for military systems.
Volume and weight savings over round wire harnesses can be 70 to 80%. Cost.
savings of 35 to 507, with the present termination practices, are not
uncommon. And, cost benefits of the weight and volume savings can be sub-
stantial in new design svstems., The basic drawback to the utilization of
FPW has been the lack of cost-effective, repeatable termination techniques
which meet the environmental and handling requirements of the military
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Figure 1: This Flat Cable Required Individually Molded Connector Boots

community. Therefore, this program was established to significantly
improve the FPW/connector interface producibility.

PROGRAM APPROACH

Since FPW and FCC are high density interconnection technologies, the
use of non-high density approaches and techniques was quickly decided
against. The program centered on identifying high density, mil-qualifiable
connectors, termination processes, and sealing procedures which would
provide terminated FPW assemblies capable of meeting the military airborne
environments. Also, since the automation of these processes would sig-
nificantly impact cost and productivity, an automatability goal of 500
assemblies per 8 hour shift was also established.

The program approach included evaluation of available (possibly mod-
ifiable) connectors, evaluation and selection of processes to be used, the
demonstration of semi-automated operation of the processes, and the
definition of a fully automated facility which would enable cost evalua-
tions of the processes. Environmental evaluation of the resulting product
was also required.

Selection >f connectors and processes was the most important initial
program effort, and was performed through a weighted evaluation technique
illustrated in Figure 2 and described below.

Each factor which would be of significant value difference between
connectors (or processes), such as cost, inherent reliability, and main-
tainability, was separately listed. Fach connector (or process) was
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program are being incorporated into four major programs at Westinghouse.
A

External implementation will be directly related to the intensity of
effort of marketing and exposure of the technologies. As an example,
that effort for this program is outlined. It is imperative that the
timing of information release be carefully orchestrated with the program
schedule and industry demonstration, so the continuity of program result
dissemination not be lost or key personnel transferred due to a long gap
between program end and information presentation. An alert program
manager or monitor can ensure this.

Many media are available for dissemination of information. These
include industry technical committees, technical journals, symposia, and
technology demonstrations. The preparation of a concise technical motion
picture can enhance many of these, as can timely discussions with maga-
zine editors. Not to be overlooked are the additional efforts which can
be realized from principal suppliers of materials or tooling who.can also
pass the word.

In the FLEXICON program, discussions of future marketing and possible
automated facility set up were initiated in the first month of the program
with connector and flexible printed wiring suppliers. Suppliers of the raw
materials for the molding operation and FPW have also been briefed on the
program and its benefits. In the seventh month, the SAE-A2H Wire and
Cable Committee was introduced to developments. At the semi-annual meeting
of the IPC in the ninth moath, a detailed presentation of the technology
innovations was given, along with the approach to station-by-station
automation. o

Over three hundred industrial representatives were invited to the
industry demonstration in the programs thirteenth month. These included
military and commercial users, connector and FPW fabricators, raw material
suppliers, and key editors of leading technology magazines. The timing
between the industry demo and the primary technology introduction (in an
open conference), two months, permitted the release of news articles which
also advertise the industry introduction. The industry introduction was
set as a comprehensive technical session that was integral with a major
related conference, in this case the Thirteenth Annual Connector Con-
ference in Philadelphia. Subsequent presentations include this one, and
the update to the military community at GOMAC '80.

A further detailed technical paper for future release in a technology
magazine has already been invited. There is no doubt that innovation in
the application of technology is always newsworthy.5 Yet, one basic

" driver to implementation cannot be overlooked. The cost projected with
the use of the automated facility is one sixth of that required for the
best alternative mil-qualifiable used up to now. And that savings also
invites non-military markets for consideration.

K-9




"Flexible Printed Circuits with Integral Molded Connectors,
Contract DAAK40-79-C-0212, sponsored by DRSMI-ET.

"Jse of Lasers in High Speed Termination of Flexible Printed Wiring",
Bosna and Emmel, Proceedings of Thirteenth Annual Connector Symposium,
Oct. 1980. © e

"High Speed Liquid Injection Molding of Connectors', Zucker, Pro-
ceedings of Thirteenth Annual Connector Symposium, Oct. 1980.

"Design of an Automated Termination Process for Flexible Printed
Wiring", Hall, Proccedings of Thirteenth Annual Connector Conference,
Oct. 1980.

"Lasers Help Terminate Flexible Circuits", Electrénics Magazine,
August 28, 1980.




A -B= C

Figure 2: A Matrix Approach to Evaluations Simplified Connector and
Process Selections

evaluated for each factor, relative to the other comnnectors (processes)
on a scale of 1 (best) to 9 (worst). These relative values for each

{ factor were listed in columns, as shown in matrix A of Figure 2. The

' importance of the various factors relative to each other was then deter-
mined, ranked, and then normalized to provide the inputs of such things
as how important is cost, as opposed to reliability, or aesthetics, [his
was the B Vector shown. When the A Matrix was post-multiplied by the
B Vector, a weighted matrix, C, resulted. This matrix had all of the
numbers interrelated so that the sum of the numbers across any given row
in the C matrix provided the full weighted value of that connector (or
process) relative to the others. Those with the lowest total were the
ones selected.

Connectors selected were both high density, planar connectors. They
are shown in Figure 3. These were also deemed the most difficult to

Figure 3: These Connectors Are Inexpensive and Compatible with the
50-mil Spacing of FPW
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terminate because of the small contact tails (.010 x .012 inch) and close
spacing. Many other connectors of planar configuration have also been
worked, demonstrating the versatility of the process selected.

PROGRAM RESULTS

All of the basic processes of termination were evaluated, from the
highest reliability weld with-a-braze, through weld (alone), braze
(alone), crimp, and solder reflow, to hand solder. The processes
selected evolved to a three-process set:

a. Insulation Removal by Laser Ablation
b. Termination by Laser Welding
c. Sealing and Strain Relief by Liquid Injection Molding

Laser Ablation

All of the termination techniques with the exception of crimping
through the insulation require that material covering the FPW leads be
removed so that a direct metal-to-metal interface can be attained. All
of the present techniques are either specialized (pre-punched base coats
or cover coats), or individual and expensive. The use of a CO, laser at
10.6 micron wave length has been found to thoroughly remove the organic

‘ insulation materials commonly used leaving only a fine ash trace which is

[ easily removed by a light brushing. As shown in Figure 4, the non-

| contact technique leaves no marks or scoring on the conductors. Also,
there is no metallurgical effect caused by the laser energy on the
metallic conductor. Conductors as small as .005 inch have already been
exposed using this technique. Under x-y numerical controls, only a fw
seconds are required to expose a .250 x 2.0 inch window.

Figure 4: Removal of Organic Insulation by COy lLaser Ablation is a
Rapid Process
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Laser Welding

The use of a Neodymium: YAG laser at 1.06 micron wavelength has been
found to be very effective in the welding of flexible printed wiring to
contact tails. Intimate contact of the FPW to the connector 1s required
for good heat transfer and fusion. The equipment used in the semi-
automated operation is shown in Figure 5, and typical welds in Figure 6,
The weld results are also directly dependent on the surface condition

Laser Port for

. Far-Side Weldin
of Two / v

Figure 5: Llaser Welding on the Fly

Figure A:  The lnitfermity of Laser Welds is Verv Evident




of the circuit. Energy is absorbed more by oxided circuits such as
normally occurs after copper foil has been treated for better adhesion

to the FPW insulation. Even more uniform results with a wider process
tolerance have been obtained when the insulation has been removed on one
side only (that in contact with the tail of the connector), and the

Nd:YAG laser strike is through the polyimide insulation that covers the
other side. Inspectability has been found to be extremely simple, with
two visually obvious extremes occurring if no weld (copper balling) or
excessive weld (material blow-out) are present. Setting and monitoring of
pulse shapes on a CRT have also been found to be quite helpful.

More details on both the laser ablation and laser welding processes
are available.?

Liquid Injection Molding

The selection of molding materials and techniques proved to be the
most challenging aspect of this program. Materials had to be semi-
flexible, strong enough to support the weld joints, but capable of pro-
viding a gradual strain relief at FPW egress to prevent circuit damage.
Many materials which met these requirements would not bond well to the
polyimide insulation of the FPW or to the connector body, which had
traces of mold release in that material. The materials also needed tc be
excellent barriers to moisture penetration. The other major challenge
was to find materials and process which, having met the above requirements,
were compatible with the assembly rate of 500 units per 8 hour shift, that
is, one assembly per minute. Two basic materials were finallv selected.

Figure 7: Liquid Injection Molding is Pertormed at 1500 and | ow
Pressure with this Fauinmont
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For connectors made with a thermoset material which could withstand the
150° C temperature of a 5 minute mold cycle (such as Diallyl Phthalate),
a Hydantoin epoxy using liquid injection mclding techniques was selected.
Other connectors using thermoplastic materials (such as VALOX) required a
lower temperature material (100°C), and a bisphenol epoxy was selected
for them. The mold set-up is shown in Figure 7. Typical results are
shown in Figure 8 for both materials.

To prevent material flow through on connectors which had contacts
inserted into a mold block (rather than being soldered around the contacts)
a pin sealing technique was developed as a batch process. This enabled
the use of the pressure gelation process (15 psig) with its faster
gelation rate. For an automated facility, a five-cavity mold would be
appropriate.

Further details of these materials and processes are available.3

Fully Automated Facility

One of the most important requirements for implementation of the
results of any program is the reduction of cost and consistency of precduct
output which are attainable onlv through the use of a fullv automated

Figure 8: Molded FILEXTCON Assemblies for Two Connector Familios
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facility. Therefore, the materials and processes selected have been
carefully integrated with the automated facility requirements and concept.
The complete set of processes for the FLEXICON program has been configured
as shown in Figure 9. The maximum use of microprocessor control! and
programming has been made, so that changes to connector and FPW styles
require only a few tool insert changes, with all other parameters con-

A View of
the Automated FLEXICON System

Figure 9: Design of an Automated Termination Process for Flexible Printed
Wiring

trolled by software. Referring to Figure 9, the stations of the facility
are in the lower right-hand section. From right to left they are in-
sulation ablation (including brush and clean), laser welding, electrical
test, automated visual inspection (option) and moilding. The facility
defined here has had each of these processes demonstrated in a semi-
automated set-up. A facility designed with this configuration would
require about $300,000 capital investment, and provide assemblies at
about $120.00 per mated pair (typical). Further details including the
timing and kinematics have been described in reference 4.

IMPLEMENTATION, THE HEART OF ROI

The results of any manufacturing technology program, in order to
provide any return on investment, must be incorporated into the design and
production of many programs. Obviously there are two basic prerequisites;
first, the effort selected for the program must have been appropriate and
worthwhile, second, the program must have reached a satisfactory con-
clusion. Assuming that these have been met, the implementation can be
accomplished in two directions, internal to the company performing the
program and external through dynamic technology transfer. Usually in-
ternal utilization can be realized before out-of-house transfer, and
initial results can provide a good basis for initial ROI (return on
investment) as well as enhance credibility. Already the results of this
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AMP Inc.
Bakerman, Jan
Hawk, Gary
McQueid, Ron
Schray, Leo
Siwald, Don
Trump, Bob
Battelle Columbus, Lab

Robinson, Dr. Alfred
Soltesz, Carl R.

Bell Labs
Parker, J. L.
Berg Elec.
Mueller, Hans
Mulligan, James
Sands, R. A.
Boo Dean, Inc.
Grimes, Gerry
Boeing
Benezra, David
Continental Connector
Mihelic, Albert
Brautigam Assoc. Inc.
Brautigam, R. H.
DuPont
Bakerman, Frank

Chatfield, Dale
DeHart, Jack
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Industry Demonstration Attendees

Electronics Magazine
Lyman, Jerry

Flexible Circuits
Farina, George

General Dynamics

Charters, Dr. M. L.
Serpa, John R.

Hughes Aircraft
Shechet, Morris
Vleber, Mark
Wheaton, Jarel

Jefferson Chemical
Klein, D.

Kraft Electronic Sales

Gonzalez, Ernie
Kraft, Earl

Martin Marietta
Rigling, Walter S.
McDonnell Douglas

Gonzales, W. L.
Mansini, John

Methode Electronics
Triner, Irv

NAC
Pond, David

NESC

Rigdon, C.




Industry Demonstration Attendees

Oak Laminates
Fisher, Harold
Parlex

MacDougall, L.
Stewart, T.

RCA

Amato, A.
Asmussen, R.

Robinson Nugent, Inc.
Gribbins, Jim

Rockwell Int'l
Young, John

Santa Barbara Res. Ctr.
Cobb, Larry E.

T & B Ansley

Farnum, R.
Shiells, J.

Teledyne Electro Mech

Boyer, Ivon
Dixon, Herb
Formica, R.
Morris, Gil
Winkler, Jack

U. S. Army

Little, Gordon
McCann, Joseph P.
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